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PREFACE. 


As  a  lecturer  on  Natoral  Histoiy,  and  more  espe- 
cially to  junior  students,  the  Author,  before  commenc- 
ing the  task  of  writing  a  Mannal  of  Zoology,  had 
long  felt  the  want  of  a  suitable  text-book  to  supple- 
ment the  information  given  in  his  courses  of  lectures. 
When  his  work  therefore  was  begun,  the  Author  had 
no  choice  between  recommending  to  his  pupils  books 
of  a  ponderous  and  highly  technical  nature,  or  those, 
on  the  other  hand,  which,  from  their  popular  cha- 
racter, were  equally  nnsuited  for  the  purposes  of 
scientific  instruction. 

In  the  production  of  the  present  work,  the  Author 
has  accordingly  endeavoured  to  preserve  a  medium 
course ;  and,  whilst  treating  the  subject  after  a  strictly 
scientific  fie^hion,  he  has  also  sought  to  blend  such 
explanation  as  would  be  manifestly  required  and 
looked  for  in  an  elementary  treatise.  He  would 
therefore  hope  that  the  present  Manual  may  be 
found  serviceable  to  those  who,  like  himself,  are 
engaged  in  the  every-day  tuition  of  science ;  a  labour, 
by  the  way,  winch  is  now  beginning  to  be   duly 

a 


vm  PREFACE. 

appreciated  as  an  essential  part  of  a  liberal  educa- 
tional programme. 

With  regard  to  the  mode  in  which  the  various 
departments  of  the  subject  have  been  treated,  little 
will  require  to  be  said  in  the  present  instance.  The 
theoretical  matter  which  inevitably  meets  one  on  the 
threshold  of  biological  science,  has  been  but  lightly 
touched  upon  ;  whilst  in  the  equally  difficult  subject 
of  classification,  the  Author  has  thought  it  better  to 
follow  in  the  footsteps  of  his  elders  and  mentors  in 
the  science,  than  to  seek  new  roads  and  paths  for 
himself.  The  most  recent  classifications  have  been 
very  generally  adopted,  but  the  Author  has  not 
hesitated  to  retain  an  older  system  where  simplicity, 
consistent  with  accuracy,  could  be  obtained.  Both 
Series  of  the  Animal  Kingdom  have  been  similarly 
and  fully  dealt  with ;  the  knowledge  of  the  higher 
and  Vertebrate  forms  being,  in  the  Author's  opinion, 
equally  desirable  and  interesting  with  that  of  the 
Invertebrate  groups. 

The  great  majority  of  the  illustrations  have  been 
drawn  on  wood  by  the  Author,  and  engraved  under 
his  personal  superintendence.  Some  few  diagrammatic 
woodcuts  are  original;  others  appear  here  for  the 
first  time ;  several  have,  through  the  kindness  of 
the  pubUshers,  been  adapted  from  Professor  Owen's 
Palaeontology ;  whilst,  in  nearly  every  case,  the  autho- 
rities from  which  illustrations  have  been  culled  are 
duly  acknowledged.  The  figures  illustrating  the 
classification  of  the  Birds,  and  also  the  examples  of 


PREFACE.  IX 

the  Mammaliay  have  been  drawn  from  specimens  in 
the  British  Masenm  and  elsewhere,  by  Mr.  W.  H. 
Bickatson  of  London,  to  whom  the  Author  would 
here  acknowledge  his  sense  of  obligation,  and  tender 
his  thanks  for  the  service  thus  rendered  him. 

For  the  better  explanation  of  that  bugbear  of 
scientific  study — technical  terminology — ^a  Glossary, 
compiled  from  various  sources,  has  been  added  to  the 
work. 

In  conclusion,  the  Author  has  to  acknowledge  the 
assistance  he  has  derived  from  the  works  of  Owen, 
Huxley,  Allman,  and  others,  whose  views  he  has 
thought  fit  to  state,  without  tying  himself  to  the 
acceptance  or  advocacy  of  their  opinions.  He  has, 
lasUy,  to  thank  those  friencU  from  whom,  in  the 
progress  of  the  work  through  the  press,  he  has 
received  much  assistance  ;  and  to  offer  the  excuse  of 
every  busy  and  occupied  life,  in  mitigation  of  the 
delay  in  the  appearance  of  his  book. 

EDnnn7BaH/i\r(?oein6er  1872. 
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CHAPTER  L 

INTRODUCTORY  MATTER. 

Divisionfi  of  Natural  Science — Differences  between  Oi;f;anic  and 
Inorganic  Bodies — Life  and  Oi^gamsation — Differences  be- 
tween Animals  and  Plants. 

Before  entering  npon  the  details  of  any  science,  in 
however  elementary  a  manner  we  may  purpose  to  treat 
it,  great  advantage  is  to  be  derived  from  the  considera- 
tion of  certain  preliminary  and  introductoiy  matter. 
And  this  holds  especially  true  of  natural  science,  the 
many  divisions  of  which  are  so  intimately  connected 
with  each  other,  that  it  is  necessary,  for  the  sake  of 
clearness  and  convenience,  to  map  out  and  define  the 
particular  branch  which  it  is  our  intention  to  study. 

1.  Taming  our  eyes  abroad,  and  viewing  the  many 
objects  by  which  we  are  surrounded,  we  naturally 
divide  them  into  three  great  groups,  known  respect- 
ively as  the  Animal,  the  Vegetable,  and  the  Mineral 
kingdoms  Thus,  for  all  commonplace  purposes,  we 
know  that  a  horse,  a  snail,  and  a  worm,  belong  to  the 
animal  creation  ;  that  trees,  shrubs,  and  flowers,  are  in- 
cluded in  the  plant  world ;  whilst  stones,  rocks,  and 
objects  devoid  of  life,  find  a  place  in  the  mineral  king- 
dom.    We  have  thus,  with  little  or  no  scientific  know- 
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ledge,  drawn  a  most  important  distinction  between 
natural  objects.  We  have  separated  those  possessing 
life  from  those  which  are  lifeless ;  in  other  words,  we 
have  constituted  an  organic  and  an  inorganic  series. 
With  the  first  of  these  latter  divisions  the  biologist 
has  to  do.  The  latter  lies  within  the  province  of  the 
geologist  and  mineralogist.  The  science  of  biologv, 
therefore,  includes  the  two  subdivisions  of  botany  and 
zoology  :  the  former  relating  to  the  study  of  plants  ; 
the  latter  to  that  of  the  animal  kingdom. 

2.  The  characteristics  by  which  inoiganic  objects 
are  distinguished  from  organic  objects,  or  those  pos- 
sessing life,  may  be  summed  np  under  five  heads  : — (a) 
Cfeneral  Configuration;  inorganic  bodies  are  bounded 
by  straight  lines  and  plane  surfaces ;  organic  bodies^  on 
the  other  hand,  are  bounded  by  curved  lines  and  by 
concave  or  convex  surfaces,  (b)  Chemical  Composition  ; 
inorganic  bodies  are  composed  of  many  elements,  the 
compounds  formed  by  these  elements  being  simple  and 
easily  determinable ;  organic  bodies  are  composed  of 
but  few  chemical  elements,  but  the  combinations  into 
which  these  may  enter  are  exceedingly  complex,  (c) 
Intimate  Structure;  inoiganised  bodies  are  composed 
of  similar  particles — ^they  present  a  homogeneous  struc- 
ture :  organised  bodies,  on  the  contrary,  are  composed 
of  heterogeneous  or  diverse  parts,  (d)  Mode  of  Increase; 
inorganic  bodies  increase  in  size  by  a  process  of ''  accre- 
tion," that  is,  by  the  deposition  of  particles  on  their 
outside  or  external  surfaces :  organic  bodies  increase 
by  the  absorption  and  assimilation  in  their  interior  of 
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matter  from  the  external  world,  and  so  exhibit  the  pheno- 
mena included  under  the  term  "  growth"  which  is  thuB 
characteristic  of  living  things,  (e)  Cyclical  or  Periodic 
Change :  inorgauiaed  bodies  present  no  defined  order  of 
phenomena  which  cannot  be  referred  to  chemical  or 
physical  action ;  organised  bodies  present  a  defined 
series  of  actions  and  changes,  dependent  on  vital  forces, 
and  which,  taken  collectively,  constitute  the  pheno- 
mena of  life. 

3.  At  the  outset  of  our  biological  studies,  we  are 
naturally  led  to  consider  the  question  of  life,  and  its 
nature.  And  it  may  be  well  at  once  to  state,  that  no 
strict  or  satisfactory  definition  of  life  can  be  given. 
Speculations  regarding  its  origin  and  nature  have  been 
indulged  in  from  the  earliest  times,  and  even  in  the 
present  day  theory  succeeds  theory  in  rapid  succession. 
Of  late,  a  marked  tendency  has  arisen  to  regard  life 
and  vital  action  as  a  mere  force,  analogous  to  the  phy- 
sical forces  or  natural  actions  which  are  everywhere 
and  daily  seen  in  operation  around  us.  And,  in  accord- 
ance with  this  tendency,  the  essential  point  of  the  most 
recent  life-theories  is  the  investing  of  a  common  matter 
or  **  basis"  of  life,  termed  **8arcode"  or  "protoplasm,** 
— ^which  substance  is  found  to  enter  universally  into 
the  composition  of  organic  bodies — with  inherent  vital 
properties,  and  thus  seeking  to  disconnect  vital  action 
from  any  except  mere  physical  forces  and  laws.  With 
hypothetical  questions  it  is  impossible  safely  or  satis- 
factorily to  deal ;  and  in  the  present  instance  it  may 
suffice  merely  to  indicate  the  most  universally  accepted 
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notions  of  the  nature  of  vital  action.  Geneiallj  speak- 
ing, vital  actions,  or  those  performed  hj  living  beings, 
seem  to  act  antagonistically  to  many  natural  laws  and 
forces.  life  thus  enables  living  bodies  to  resist  actions 
which  would  otherwise  tend  to  disintegrate  and  destroy 
them.  The  dead  or  lifeless  body  goes  rapidly  to  decay, 
being  acted  upon  by  the  chemical  influences  of  the 
atmosphere.  Pressure  and  friction,  powerful  agents  in 
wearing  and  disintegrating  dead  or  inert  matter,  harden 
and  thicken  the  living  body.  Thus,  the  skin  is  thickened 
by  constant  pressure  or  friction.  But  in  leaving  these 
abstract  results,  and  approaching  the  question  of  the 
origin  or  cause  of  vital  action,  great  and  almost  insur- 
mountable difficulties  arise  and  impede  our  progress, 
life  has  always  been  more  or  less  associated,  in  the 
minds  of  those  who  have  attempted  to  define  it,  with 
organisation,  or  the  possession  of  organs  and  structures. 
So  firm  a  hold  had  this  idea  obtained,  that  most  of  the 
definitions  of  life  regard  organisation  as  its  cause.  Thus, 
we  find  life  defined  by  various  writers  as  '*  the  special 
activity  of  organised  bodies''  (Duges) ;  and  as  "organ- 
isation in  action"  (Beclard).  That  this  is  an  error  is 
at  once  apparent,  when  we  consider  that  we  observe 
many  bodies  undoubtedly  possessing  life— ^examples  of 
which  are  found  among  the  Protozoa,  or  lowest  animals, 
and  the  Protophyta,  or  most  lowly-organised  plants — 
but  which  do  not  exhibit  the  faintest  traces  of  organised 
structures.  On  the  contrniy,  we  are  forced  by  every 
consideration  to  believe  that  organisation  is  the  restdt 
and  not  the  cause  of  vital  action,  which  may  be  con- 
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sidered  as  consistmg  of  a  series  of  phenomena,  or  estab- 
lished order  of  actions^  differing  in  its  vaiioos  phases, 
not  in  kind,  but  only  in  degree.  Thus,  the  life  of  the 
animal  and  the  life  of  the  plant  are  the  same.  The 
phenomena  exhibited  by  the  former  differ  from  those  of 
the  latter  only  in  intensity  or  direction. 

4.  Seeing,  then,  that  both  animals  and  plants  are 
endowed  with  a  common  life,  our  next  step  must  be 
to  inquire  into  the  differences,  if  there  be  any,  be- 
tween the  two  great  sections  of  living  things.  To  the 
unscientific  observer  this  task  may  appear  useless  and 
futile.  For  the  differences  between  the  higher  plants 
and  higher  animals  are  so  obvious  and  ascertained, 
that  there  can  be  no  hesitation  in  affirming  the  nature 
of  one  or  other.  But  when  we  depart  from  those  higher 
forms  and  descend  to  the  lower  sections  of  the  organic 
series,  when  we  compare  the  Protozoa  with  the  Pro- 
tophyta^  the  difficulty  of  drawing  any  definite  line  of 
demarcation  between  the  animal  and  vegetable  king- 
doms is  at  once  visible  and  apparent.  If  we  say  that 
(a)  motion  is  characteristic  of  animal  life,  we  are  in- 
stantly refuted  by  the  consideration  that  whilst  the 
spores  or  germs  of  many  true  plants,  such  as  the  Al^, 
or  seaweeds,  are  endowed  with  considerable  locomo- 
tive power,  swimming  about  by  means  of  the  vibratile 
"a]m,"  or  '^  eyelash-hke "  filaments,  with  which  they 
are  fuxnished;  so,  on  the  other  hand,  many  true 
anImalH,  among  which  the  sponges,  corals,  etc.,  may  be 
mentioned,  are  permanently  rooted  and  fixed.  The 
power  of  locomotion  cannot  therefore  be  taken  as  a 
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criterion  of  the  natuxe  of  the  organiBin.  Nor  can  (b) 
form  be  considered  as  affording  grounds  for  distinction 
and  septuBtion.  Many  polypes  closely  resemble  plants, 
not  merely  in  form,  but  also  in  their  mode  of  propagar- 
tion  by  "  gemmation/'  or  badding ;  and  even  high  in 
the  scale  we  find  the  "  Fltuira"  or  sea-mat — classed 
in  the  sub-kingdom  MoUusca  with  our  ordinary  shell- 
fish.— bearing  such  a  decided  resemblance  to  pale- 
brown  seaweed,  that  it  is  almost  invariably  collected 
and  preserved  as  such  by  visitors  to  the  seaside,  igno- 
rant of  its  animal  nature.  On  closer  examination  of 
the  Flustra  by  aid  of  a  magnifying  glass,  we  are 
enabled  to  distinguish  the  little  ceUs,  in  each'of  which 
a  polype  was  contained.  And  conversely,  many  of 
the  lower  plants,  both  in  their  embryonic  and  mature 
states,  resemble  certain  Protozoic  forms,  (c)  Chemical 
Science  also  £uls  to  assist  us  in  drawing  our  line  of 
separation.  In  the  animal  are  found  essentially  the 
same  elements  which  build  up  the  vegetable  organism. 
Indeed,  the  chemical  investigation  of  certain  forms  has 
but  rendered  our  task  the  more  hopeless  and  confus- 
ing ;  for  certain  substances,  long  thought  to  belong 
exclusively  to  the  vegetable  economy,  have  been  found 
entering  intimately  into  the  composition  of  animal 
structures.  Thus  cellidose,  a  substance  nearly  identi- 
cal with  starch,  and  until  of  late  years  considered  to 
be  an  exclusive  vegetable  product,  has  been  found  in 
large  proportion  in  the  ''  UmicB"  or  outer  coverings  of 
Ascidian  Molluscs,  or  "  sea-squirts,"  as  they  are  popu- 
larly called ;  and  the  chlorophyll,  or  green  colouring 
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maiter  of  plants,  occois  in  many  miciCMCopie  animaloakd, 
— such  as  StetUar  among  the  In/tuaria^ — ^the  animal 
nature  of  which  is  indisputable.  Micioacopic  investi- 
gation cannot  determine  any  difference  or  distinction, 
showings  as  it  does,  that  the  {d)  internal  structure 
and  ultimate  tiseuee  of  animal  and  plant  are  identical 
— ^these  consisting  in  either  case  of  molecular,  granular, 
cellular,  or  fibrous  structurea  So  unsatisfactory,  then, 
in  a  general  way,  are  the  results  which  even  careful 
modes  of  investigation  yield,  when  applied  to  the 
specific  distinction  of  the  lower  forms  of  life,  that  some 
authorities  have  proposed  the  construction  of  an  inter- 
mediate kingdom,  as  a  means  of  solving  the  difficulty, 
or  rather  of  rendering  their  labours  the  less  confus- 
ing. To  this  third  or  intermediate  division  the  term 
**  Begnum  Pratietieum  "  has  been  applied ;  and  to  this 
kingdom,  those  forms,  concerning  the  nature  of  which 
difference  of  opinion  exists,  are  by  some  naturalists 
allocated  It  may  only  further  be  mentioned,  in  notic- 
ing this  subject,  that  this  plan  does  not  meet  with 
very  general  acceptation,  the  adoption  of  the  system 
tending  only  to  render  the  labour  of  distinction  more 
oonfiudng  in  its  details. 

In  the  (e)  nature  and  mode  of  aeeimUation  of  the 
food,  and  the  results  of  its  conversion  tdthin  the 
orgamem  Mo  nutritive  material^  are  found  the  most 
reliable  points  on  which  we  may  found  grounds  of 
distinction  between  the  nature  of  the  animal  and  that 
of  the  plant  Hie  nature  of  the  food  differs  in  many 
and  important  way&    Plants,  as  a  rulcy  subsist  upon 
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dead  or  inoiganic  xnatiei^— such  as  T^ater,  gasee,  and 
mineral  matter ;  and  from  these  substances  they  elabo- 
rate oiganised  materials,  among  which  the  vegetable 
products  starch  and  sugar  stand  most  conspicuous. 
AnimftlRj  on  the  contrary,  require  for  subsistence  living 
matter,  or  matter  already  oiganised,  which  they  con- 
cert into  dead  or  inorganic  matter.  This  organic 
matter  is  principally  derived  from  the  plant  world ; 
and  hence  in  this,  as  in  the  other  points  to  be  noted, 
plants  act  conversely  to  animals — ^the  former  being  the 
great  producers  in  nature,  whilst  the  latter  are  the 
consumers.  The  interchanige  of  gases  between  the 
two  kingdoins  forms  a  second  point  in  the  distinction. 
ATiiniftlg  excrete  or  give  out,  with  heat  and  water,  as 
the  result  of  their  tissue-waste,  a  laige  proportion  of 
a  gas  named  carbonic  ctcid,  whilst  they  absorb  another 
gas  called  oxygen,  which  forms  part  of  the  atmosphere, 
and  which  is  apph)priately  termed  ''the  great  sup- 
porter of  animal  life."  The  ma^im  that  there  is  no 
waste  in  natural  operations  finds  in  this  a  fitting  illus- 
tration, since  plants  gneedily  absorb  the  carbonic  acid 
given  off  by  animals.  They  further  decompose  the 
carbonic  acid  into  the  carbon  and  oxygen  of  which  it 
is  composed,  retain  the  carbon  for  the  uses  of  their 
economy,  and  set  free  or  liberate  the  oxygen,  which 
is  thus  rendered  fit  for  re-absorption  by  animals.  In 
shorty  what  the  animal  excretes  (caibobic  acid),  the 
plant  absorbs ;  and  what  the  plant  excretes  (oxygen), 
the  animal  absorbs.  In  other  words,  the  reaction  upon 
the  atmosphere  of  the  animal  is  the  reverse  of  that  of 
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the  plant  The  natore  of  the  food  being  thua  different^ 
we  are  prepared  to  find  that  the  appaiatuB  for  its 
assimilation  and  conversion  into  nutritive  matter  will 
differ  in  like  manner.  The  nutritive  organs  of  the 
plant  are  external^  and  consist  of  the  root^  stem,  and 
leaves,  together  with  the  intercellular  canals  and  spaces 
existing  in  the  tissues  of  the  organism ;  and  bj  these 
various  parts  and  organs  the  substances  necessary  for 
the  maintenance  of  life  are  absorbed  and  diffused 
throughout  the  system.  The  characteristic  form  of 
nutritive  appaiatos  in  the  animal,  on  the  contrary,  is 
that  of  an  internal  cavity,  digestive  sac  or  stomach, 
into  which  nutritive  material  is  received,  and  in 
which  it  is  digested,  assimilated,  and  otherwise  pre- 
pared for  the  uses  of  the  economy  ;  and  to  this  simple 
typical  structure  there  is  added,  in  the  case  of  the 
higher  animals,  the  complicated  series  of  organs  con- 
stituting the  digestive  system. 

Lastly,  the  possession  of  a  nervous  system  by  the 
typical  animal  forms,  and  the  absence  of  such  a  system 
in  plants,  has  also  been  included  by  some  observers  in 
the  distinctive  points  between  the  animal  and  vege* 
table  series. 


CHAPTER  IL 

DIVISIONS  OF  BIOLOGICAL  8GIEN0E. 

Morpbology,  Physiology,  and  Distribution — Specialisation  of 
Function — Morphological  Types — ^Homology  aad  Analogy 
— Symmetry  of  Animal  Forma — Classification. 

1.  Having  defined  our  Bcience,  and  also  examined  the 
nature  of  life  and  organisation,  we  must  next  point 
out  the  mode  of  examination  of  living  forms,  or  of 
biological  research.  Every  living  being  admits  of 
being  studied  under  three  aspects.  To  know  it 
thoroughly,  we  must  observe  it  from  three  different 
yet  connected  points  of  view.  The  following  table 
will  illustrate  the  divisions  of  biological  science  : — 

BiOLooT — Science  of  life. 

(  (a)  Anatomy. 

(Science  of  Form),      j  j^J  ^^,,1^^ 

/(a)  Function  of  Nutrition. 
II.  Phyaioilogy.       j  (b)  Function  of  Reproduction. 
(Science  of  Function.)  \  (c)  Function  of  Correlation,  or  Irrita- 

V  biUty. 

(a)  In  Space  (Geographical). 
III.  DuUribiUian.      <  ^j  j^  j^^  (Geological). 
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We  have,  firstly,  a  scienoe  which  deals  with  the 
form  and  stroctuie  of  the  oigamsm,  and  this  we  term 
Morphology.  Secondly,  we  have  the  science  of  func- 
tion— Physiology.  And,  lastly,  we  have  the  Distrihu- 
tional  aspect  of  our  science,  by  which  we  ascertain  the 
habitat  of  an  animal,  or  the  conditions  in  which  it 
exists  with  regard  to  the  eztenial  world.  It  will  be 
further  observed,  that  each  of  these  primary  sections 
is  divided  into  subsidiary  branches.  Thus,  under  the 
head  of  Morphology,  we  have  Anatomy,  Development, 
and  Taaconomy,  each  subdivision  dealing  with  a  separate 
aspect  of  the  main  science ;  and  we  shall  now  endea- 
vour to  explain  the  object  of  each  section. 

We  may,  iirstly,  study  an  animal  Morphologically*— 
that  isy  consider  its  form  and  structure.  Under  this 
head  we  observe  its  various  structural  features.  By 
Anatomy  we  investigate  its  external  and  internal 
appearances,  the  position  and  relations  of  organs  and 
parts.  We  thus  obtain  a  knowledge  of  its  structure 
as  a  folly-formed  being.  But  if  we  wish  to  study  it 
tluough  the  various  stages  leading  from  the  embryonic 
to  the  mature  and  adult  state,  we  must  call  to  aid  the 
second  department  of  morphological  science^  and  con- 
sider the  subject  of  Development.  From  these,  we 
paas  by  an  easy  transition  to  the  consideration  of  its 
place  in  the  scale  of  life,  and  for  which  task  our 
knowledge  of  its  structure  has  fully  prepared  us.  We 
thus  include  the  third  division — ^that  of  TaxoTiomy  or 
ClauifteaUoTL  Having  investigated  the  Structural 
lelatioas  of  the  animal,  we  next  proceed  to  inquire 
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into  tlie  Functions  which,  as  a  living  being,  we  expect 
it  to  perfonn.  This  leads  to  the  consideration  of  the 
science  of  Physiology,  which  may  accordingly  be 
termed  the  Science  of  Function.  Let  ns  suppose^  by 
way  of  illustration,  that  we  have  examined  a  fish 
morphologically.  From  our  knowledge  of  its  anatomi- 
cal structure,  we  have  ascertained  the  structure  of  its 
body.  We  can  indicate  the  situations  of  its  various 
organs — stomach,  liver,  intestines,  etc  ;  can  describe 
its  circulatory  and  respiratory  apparatus ;  and  have 
determined  the  relations  of  its  nervous  system.  But 
if  we  wish  to  know  Jiow  the  food  is  digested,  how  the 
products  of  digestion  are  absorbed,  how  the  heart 
beats,  and  what  it  drives  through  the  vessels ;  how  the 
blood  is  purified,  and  how  the  nervous  system  controls 
and  directs  the  powers  of  the  organism — ^we  must  turn 
to  Physiology,  which  explains  the  duties  or  functions 
the  various  organs  perform,  just  as  morphology  taught 
us  their  form  and  structure.  Under  this  head  we  have 
also  three  subdivisions,  representing  the  great  functions 
performed  by  every  living  being.  First  in  order  comes 
the  function  of  Nutrition^  by  which  the  organism 
provides  for  its  support  and  nourishment ;  and,  under 
this  department,  we  investigate  the  digestive,  absorp- 
tive, circulatory,  and  respiratory  processes — ^how  nutri- 
ent matter  ib  prepared  and  applied  to  the  uses  of  the 
economy.  Secondly,  the  function  of  Eeproduction,  by 
which  the  animal  or  plant  reproduces  its  species  and 
perpetuates  its  race.  And,  lastly,  we  have  the  function 
of   Correlaiion,   Innervation,   or  Irritability — under 
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which  head  we  examine  the  nerrous  system,  or  means 
whereby  the  organism  maintains  relations  with  its 
fellowa  and  with  the  external  world.  The  third  and 
last  division  of  biology  is  that  of  Distribution.  By 
this  branch  we  determine  the  place  an  animal  occupies 
in  the  globe  at  the  present  time,  or  the  conditions 
under  which  it  existed  in  time  past  The  former 
aspect  deals  with  the  Geograpftical  distribution  of  the 
organism ;  the  latter  investigates  its  Geological  rela- 
tions. Thus  the  Marsupial,  or  Pouched  Mammals, 
represented  by  the  kangaroos  and  their  allies,  occupy  a 
very  limited  geographical  area,  being  almost  entirely 
confined  to  Australia  ;  whilst  their  geological  relations 
present  many  features  of  similar  import  and  interest. 

2.  Animals,  it  will  thus  be  seen,  may  differ  from 
each  other,  either  as  to  structure  (morphologically),  or 
as  to  the  degree  of  perfection  and  manner  in  which  the 
functions  of  the  body  are  carried  on  (physiologically). 
These  differences  form  the  basis  of  our  system  of  classi- 
fication, since  they  determine  for  us  whether  an  animal 
be  of  high  or  of  low  organisation.  According  to  the 
relations  expressed  by  the  facts  elicited  by  its  study 
from  these  two  chief  aspects,  the  place  and  rank  of  a 
living  being  in  the  great  series  is  determined.  The 
physiological  difference  relates  to  function,  and  to  this 
first  point  the  term  "  Specialisation  of  function,"  has 
been  applied.  The  second  and  morphological  distinc- 
tion expresses  the  application  to  taxonomical  science 
of  the  facts  brought  out  by  the  investigation  of  forms 
and  structures.     These  fiusts  are  exemplified  by  the 
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construction  of  six  great  plans  of  animal  strnctore, 
tenned  ''morphological  types."  Each  of  these  two 
points  demands  some  explanation,  and  we  shall  begin 
with  the  physiological  difference,  since  it  serves  in  a 
manner  to  explain  the  other. 

3.  "  Sphoialibation  of  FuKonoN"  may  be  best 
understood  by  giving  a  few  examples  of  its  application. 
Every  animal  performs  the  three  great  functions  already 
mentioned :  it  nourishes  itself  reproduces  its  species, 
and  has  certain  relations  with  the  surrounding  media. 
It  is  obvious  that  the  animal  of  low  organisation,  the 
functions  of  whose  body  are  neither  complex  nor  intricate, 
will  be  furnished  with  organs  of  correspondingly  simple 
structure.  Thus  the  Amceba  or  Proteus -Animalcule 
(Fig.  2),  familiar  to  every  microscopist,  and  which  consists 
of  a  simple  structureless  mass  of  whitish  jelly-like  sub- 
stance, termed  ''sarcode"  or  ''protoplasm,"  is  unprovided 
with  any  digestive  system;  no  trace  of  an  internal 
cavity,  or  of  the  most  rudimentary  stomach-sac,  \a  seen. 
When  it  wishes  to  eat,  it  sends  out  prolongations  of  its 
soft  body,  grasps  the  particle  of  nutrient  matter,  which 
is  then  drawn  within  the  body  of  the  creature,  and  en- 
gulfed in  the  soft  gelatinous  texture  of  its  body.  The 
particle  of  nutriment  is  now  subjected  to  the  digestive 
action,  such  as  it  is,  and  the  indigestible  part  of  the 
food  IB  cast  out  at  the  portion  of  the  body  nearest  to 
the  external  medium  in  which  it  lives.  The  function  of 
nutrition,  in  this  case,  cannot  be  said  to  be  specialised  or 
differentiated  at  aU,  since  any  part  of  the  animal's  body 
subserves  the  digestive  or  nutritive  function.     In  the 
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Hydra  (Fig.  1 1)  we  find  a  creature  of  better  defined  form 
and  habits.  The  nutritive  function  has  become  special* 
isedy  although  to  no  great  extent.  It  has,  however, 
advanced  in  a  marked  degree,  and  we  have  in  the  Hydra 
not  only  a  well-defined  body-cavity,  answering  the  pur- 
pose of  a  digestive  sac,  but  also  a  mouth  and  tentacles, 
or  organs  for  the  prehension  of  nutriment^  and  for  its 
conveyance  to  the  oral  aperture.  The  efiete  portion  of 
the  food  is  cast  out  by  the  mouth.  Passing  upwards,  we 
find  the  Flustra  (Fig.  68),  or  sea-mat,  illustrating  the 
further  specialisation  of  the  nutritive  apparatus.  We  find 
in  the  Flustra  not  only  a  mouth  and  tentacles,  but  a  true 
stomach,  specialised  or  separated  from  the  cavity  of  the 
body,  and  thus  differing  materially  from  the  Hydra^  in 
which  the  cavity  of  the  body  served  for  a  stomach-sac 
An  intestine  is  now  given  off  from  the  stomach-sac ;  and 
this,  whilst  serving  to  extend  and  increase  the  digestive 
area,  also  carries  off  the  effete  products  of  digestion,  which 
are  thus  expelled  by  a  distinct  anal  aperture.  The  Snail 
or  Whelk  presents  us  with  a  condition  of  functions  and 
organs  still  more  advanced.  Each  part  of  the  digestive 
function  in  this  latter  case  has  become  more  specialised, 
and  with  the  complexity  of  the  function  fresh  organs 
are  added,  each  devoted  to  a  separate  portion  of  the 
work.  The  office,  in  short,  which  was  performed  by 
the  simple  body-cavity  of  the  Hydra,  or  the  still  more 
dmple  body  of  the  Amosba,  is  now  broken  up  into  many 
separate  divisions,  each  division  having  an  organ,  or 
series  of  organs,  allotted  to  its  performance.  In  the 
Snail  or  Whelk  we  have  a  mouth,  furnished  with  sali* 
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yaiy  glands,  preparing  the  food  for  digestion  in  the 
stomach.  The  stomach  and  intestines  are  now  larger 
and  hetter  defined,  whilst  a  capacions  liver,  famishing 
hile,  for  the  more  perfect  assimilation  and  separation  of 
the  digestible  part  of  the  food,  envelops  the  other 
viscera  in  its  voluminons  folda  Farther,  we  have  now 
a  distinct  heart  and  vessels  for  the  due  circolation  of 
the  blood  or  nutrient  fluid,  and  the  presence  of  these 
latter  organs  indicates  a  farther  differentiation  of  the 
nutritive  function,  the  duty  performed  by  the  heart  and 
vessels  being  carried  on  in  the  lower  forms  by  the  tis- 
sues generally  of  the  body.  We  need  scarcely  trace 
further  the  progress  of  the  differentiation,  save  remark, 
that  in  the  highest  forms  of  all  the  process  becomes 
more  and  more  intricate,  organs  being  superadded  to  the 
former  ones,  as  the  duties  of  these  latter  become  more 
complex.  Specialisation  of  function  is  thas  seen  to 
be  intimately  associated  with  specialisation  of  organs. 
Indeed,  it  is  impossible  to  think  of  the  former  without, 
of  necessity,  including  the  latter  in  the  thought ;  or,  to 
use  the  words  of  Professor  Allman,  "  Specialisation  of 
organs  and  specialisation  of  function  go  hand  in  hand." 
Milne  Edwards  has  not  inaptly  applied  to  this  distinction 
the  term  ''physiological  division  of  labour,"  thereby 
implying  that  in  the  lower  animal  the  function  is  sub- 
served by  few  organs  and  tissues,  and  that  in  the  higher 
organism,  the  process,  being  more  complex,  requires 
additional  organs  of  finer  construction  to  carry  on  the 
work.  Or,  to  use  the  succinct  words  of  Professor 
Huxley,  ''the  difference  between  the  powers  of  the 
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lowest  plant  or  animal,  and  those  of  the  highest,  i&  one 
of  degree,  not  of  kind,  and  depends,  as  Milne  Edwards 
hmg  ago  so  well  pointed  out,  upon  the  extent  to  which 
the  principle  of  the  division  of  labour  is  carried  out  in 
the  living  economy.  In  the  lowest  organism  all  parts 
are  competent  to  perform  all  functions,  and  one  and  the 
same  portion  of  protoplasm  (as  in  Amoeba)  may  suc- 
ceasiYely  take  on  the  function  of  feeding,  moving,  or 
reproducing  apparatus.  In  the  highest,  on  the  contrary, 
8  great  number  of  parts  combine  to  perform  each  func- 
tion, each  part  doing  its  allotted  share  of  the  work 
with  great  accuracy  and  efficiency,  but  being  useless  for 
any  other  purpose.** 

4.  The  Morphoiogieal  difference  consists  in  the  dis- 
tinctions between  the  types  or  plans  upon  which 
animal  forms  are  constructed.  Every  animal  can  be 
referred  to  one  or  other  of  six  great  groups  termed 
« MoBPHOLOGiCAL  Types."  These  "types,"  or  plans 
of  stracture,  also  represent  six  great  primary  divisions 
of  the  animal  kingdom,  and  thus  constitute  the  g^und- 
work  or  basis  of  the  present  system  of  classification. 
They  are  respectively  named : — 

L  Protozoa. 

n.   GCELENTERATA 
in.  ECHINOZOA. 

rv.  Annulosa. 

V.  MOLLUSOA. 

VX  Vebtkbrata, 
A  ahort  description  of  each  of  these  groups  will 
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tend  to  the  better  nndentanding  of  the  generaliflation 
of  the  subject. 

I.  Protozoa. — ^The  Proiossaa,  as  the  name  implies, 
fonn  the  lowest  division  of  the  series  The  animals  com- 
pxising  this  division  are,  for  the  most  part,  of  microscopic 
size.  They  exhibit  no  "  symmetry/'  or  definite  arrange- 
ment of  parts.  Indeed,  their  chaiacteristics  arepiincipallj 
negative ;  they  are  distinguished  rather  by  their  want  of 
organs  and  defined  tissues,  than  by  the  possession  of  these 
structural  elements.  In  this  sub-kingdom,  as  might  be 
supposed,  ''specialisation  of  fiinction,"  together  with  the 
"morphological  type,"  is  of  the  lowest  grade.  Examples 
of  this  sub-kingdom  are  found  in  the  Amoeba,  Sponges, 
and  many  microscopic  animalcule. 

IL  C(XLENTERATA. — ^Thc  Ccolenterata  possess  a  dis- 
tinct form ;  the  S3rmmetry  is  of  the  radial  descriptioii, 
united  with  bilateralism ;  in  other  words,  the  inero9ame$f 
or  elements  of  form,  are  said  to  be  "disposed  in  a  radial 
manner  round  a  longitudinal  axis,"  whilst  at  the  same 
time  the  body  can  in  many  instances  be  divided  into 
two  equal  halves  (BtlcUerdlism).  A  stomach-sac,  or 
digestive  organ,  exists  in  the  higher  forms,  but  this 
sac  is  imperfect  in  structure,  as  it  opens  freely  into  the 
general  cavity  of  the  body.  A  nervous  system,  if 
present^  is  but  feebly  differentiated.  The  Ccdenterata 
are  represented  by  such  forms  as  the  Hydra,  Sea- 
anemone,  Corals,  etc. 

in.  EoHiNozoA. — ^In  this  sub-kingdom  or  type,  the 
symmetiy  is  typically  radial  and  bilateral,  as  in  the  pre- 
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ceding  group.  A  digestiYe  systeniy  completely  specialised 
and  ahut  off  from  the  general  cavity  of  the  body,  exists, 
whilst  a  distinct  vascular  or  circulatory  apparatus,  to- 
gether with  a  true  nervous  system,  is  present  in  the 
higher  forma.  -Star-fishes,  Sea-urchins  or  EcMni,  and 
certain  worms,  represent  this  type,  which,  from  certain 
affinities  with  the  next  and  higher  group,  is  sometimes 
termed  the  AnnuUndct. 

rV.  Anfuloaa. — ^The  consideration  of  the  Annu- 
loaa  introduces  us  to  a  very  chaiacteristic  type  of 
animal  structure.  The  animals  comprised  within  the 
limits  of  this  group  are  composed  of  numerous  definite 
joints,  segm^its,  or  "somites,"  arranged  along  a  lon- 
gitudinal axis.  The  symmetry  is  of  the  bilateral  de- 
scription. The  jointed  or  segmented  structure  of 
the  Annulosa  is  in  most  cases  exceedingly  distinct. 
The  digestive  system  is  now  further  specialised,  the 
nerroos  system  consisting  of  a  chain  of  nervous 
cords  situated  ventrally,  or  on  the  floor  or  inferior 
aspect  of  the  body.  The  respiratory,  and  blood- vascu- 
lar or  circulatory  systems,  are  highly  differentiated; 
the  heart,  representing  the  latter  system,  being  in  the 
Annulosa  situated  dorsally,  or  in  the  region  of  the 
body  opposite  to  that  in  which  the  nervous  system  is 
placed.  This  type  is  represented  by  worms,  crabs, 
and  insects.  Cuvier  gave  to  his  group,  embracing 
these  forms  and  their  allies,  the  name  ArtiGulaiay  or 
''jointed"  animals,  from  the  segmented  nature  of  their 
bodies. 

y.  MoLLUSOA. — ^The  MoUusca^  represented  by  all 
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our  ordinary  sheUfisli — such  as  Oysieis,  limpets,  etc. 
— by  Cuttle-fishes,  and  by  several  other  typical  but 
less  familiftr  forms,  possess  bilateral  symmetry,  and 
definite  arrangement  of  oigans  and  parts.  They  pos- 
sess the  power  of  secreting  a  hard  exo-skeleton,  to 
which  the  term  ''shell,"  is  commonly  applied,  and 
which  seryes  to  protect  the  otherwise  ''soft"  bodies 
of  these  creatures.  The  chief  characteristic  of  this  type 
is  in  the  differentiation  of  the  nervous  system,  which 
presents  a  very  definite  aiiangement,  consisting,  in  the 
typical  forms,  of  three  pairs  of  nerve-masses,  disposed 
in  a  certain  manner  through  the  body. 

YL  Yebtebrata. — ^This  last  and  highest  group,  to 
which  Fishes,  Beptiles,  Birds,  and  Mammalfl  belong,  is 
distinguished  by  the  possession  of  an  internal  skeleton, 
having  for  its  basis  the  vertebral  column,  spine,  or  back- 
bone. The  symmetry  is  bilateral,  combined  with  a  zonal 
arrangement  of  parts,  similar  to  that  seen  in  the  Anna- 
lose  type.  The  chief  characteristic  by  which  the  Yerte- 
brata  are  to  be  distinguished,  is  the  very  high  differ- 
entiation of  the  nervous  centres,  which  are  now  shut  off 
ftom  the  other  viscera  and  regions,  an  arrangement  con- 
trasting forcibly  with  that  observed  in  the  lower  groups. 
The  ventral,  inferior,  or  lower  arches  of  the  vertebral 
column  (ribs),  form  cavities  for  the  reception  and  protec- 
tion of  the  digestive,  respiratory,  and  circulatory  organs. 

Animals,  seemingly,  and  at  first  sight,  constructed 
after  widely  divergent  plans  or  types,  may  be  found, 
on  closer  examination,  and  on  careful  comparison  with 
neighbouring  forms,  to  belong  to  one  and  the  same 
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primary  group.  Thus  the  worm,  insect^  and  crab,  are, 
bj  reaBon  of  agreement  in  their  fundamental  structure, 
daaeified  together  in  the  Annuloea ;  and  the  fish,  ser- 
pent, and  bird,  presenting  no  external  features  in  com- 
mon, are  found  to  correspond  in  original  and  primary 
structure.  It  follows  ^m  the  previous  considerations, 
that  an  animal  whose  functions  are  not  specialised  to 
any  great  extent  must  exhibit  a  corresponding  lowness 
of  organisation ;  and  these  types  or  plans  of  structure 
may  be  considered  as  the-  expression,  in  a  convenient 
form,  of  the  degree  of  diiferentiation  or  perfection  to 
which  the  organs  and  functions  of  the  included  forms 
have  attained. 

5.  HoMOLOOT  Aim  Analogy  are  farther  aids  in  the 
daasification  and  assorting  of  animal  forms.  Homology 
means  identity  in  gtrueture;  Analogy  means  identity 
in  fimetum.  Thus  the  former  may  be  termed  a  mor- 
phological, whilst  the  latter  may  be  considered  a  phy- 
siological distinction.  As  familiar  examples  of  these 
terms,  we  may  select  the  arm  of  man  and  the  wing  of 
the  bird,  which,  being  formed  on  the  same  fundamental 
plan,  are  said  to  be  homologous.  The  wing  of  the  bird 
and  that  of  the  butterfly  are  analogous,  both  being  used 
for  the  purpose  of  flight.  The  wing  of  the  bird  and 
that  of  the  bat  are  both  homologous  and  analogous; 
both  are  constructed  on  the  same  type,  and  both  are 
used  for  locomotion  in  the  aerial  medium.  A  repetition 
of  similar  parts  in  the  same  animal,  or  of  parts  homo- 
logically  constructed,  constitutes  " serial  homology" 
An  example  of  this  latter  variety  may  be  found  in  the 
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raxiouaLj  altered  and  modified  sq^ments  of  the  lobster^s 
body,  whichy  notwithstanding  their  apparent  diasimi- 
laiityy  are  referable  to  one  and  the  same  plan. 

6.  Stmmbtbt  of  AiriMAL  FoBif& — Bj  the  epamidtiy 
of  an  animal  form  is  meant  the  di^>08ition  or  arrange- 
ment of  the  primary  elements  into  which  the  form  ia 
capable  of  being  resolyed  And  a  careful  examination 
oi  the  great  types,  or  plans  of  stractnre,  shows  that  the 
disposition  of  the  elements  of  form  takes  place  after  one 
or  more  defined  modes  in  each  of  the  types.  For  con- 
venience sake  the  naturalist  invents  an  ideal  element 
of  form,  to  which  Professor  Allman  has  applied  the 
term  ^merowmef*  ''the  result  of  the  regular  repetition 
of  the  same  element  of  form"  being  the  particular  kind 
or  kinds  of  symmetry  characteristic  of  any  given  type. 
Three  kinds  of  symmetry  are  recogmsable  in  the  animal 
series,  these  varieties  being  respectively  known  as 
"BtWem/,"  ''Radial;*  and  ''Zmdl'*  symmetiy.  A 
''Bilateral"  symmetry  is  that  in  which  the  form  can 
be  equally  divided  in  the  mesial  plane,  or,  in  other 
words,  divided  into  two  equal  halves.  In  "radial" 
symmetry,  the  "merosomes"  are  disposed  "radially" 
around  a  central  axis;  whilst  in  "sonal"  symmetry 
the  merosomes  are  arranged  in  cones,  one  after  another, 
in  a  longitudinal  axis. 

Thus,  in  a  worm,  representing  the  annulose  type  of 
structure^  the  "merosomes"  are  represented  by  the 
segments  or  joints  of  the  body,  which  are  arranged 
zonaUy  along  a  longitudinal  axis.  As  we  can  also 
divide  our  worm  bilaterally,  or  into  two  equal  halves, 
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the  synunetry  is  said  to  be  of  the  "  sonal "  type,  com- 
bmed  irith  ^ bikteralisiiL"  The  '^radial"  symmetry 
is  seen  in  the  J^Siinozoay  lepiesented  by  the  Echinus 
or  Sea-urchin,  in  which  the  ^'  merosomes  "  are  arranged 
in  a  radial  manner ;  and  here,  also,  bilateralism  may 
be  said  to  exist.  The  fish,  also,  as  representing  the 
Tertebrate  type,  presents  the  same  symmetrical  features 
as  the  worm,  the  zonal  arrangement  being  witnessed 
in  the  arrangement  of  the  segments  of  the  vertebral 
column.  These  characteristic  forms  of  symmetry  thus 
afford  additional  groxmds  of  distinction  or  relation 
between  the  yarious  groups,  into  which,  as  we  shall  in 
the  next  place  see,  the  animal  series  is  divided. 

7.  CuLBsmoATiov, — Our  introductory  matter  has 
fitted  us  for  the  consideration  of  the  system  of  cLassifi- 
cation^  which  may  be  defined  as  ^'a  comprehensive 
expression  of  the  feusts  and  laws  of  morphology  and 
physiology."  To  use  the  words  of  Huxley,  "  By  the 
ebasification  of  any  series  of  objects  is  meant  the  actual 
or  ideal  arrangement  together  of  those  which  are  like, 
and  the  separation  of  those  which  are  unlike;  the  pur- 
poee  of  this  arrangement  being  to  feusilitate  the  opera- 
tioiia  of  the  mind,  in  clearly  conceiving  and  retaining 
in  the  memory  the  characters  of  the  objects  in  question." 
The  whole  subject  of  classification,  however,  is  one  of 
much  difficulty.  This  may  be  due  partly  to  the  various 
and  diffiarent  characteristics  by  which  the  several  groups 
ne  subdivided,  and  also  to  the  combinations  of  systems 
which  have  taken  place  at  various  stages  in  the  history 
and  progress  of  our  science.    Then,  too,  new  systems. 
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or  parts  of  systems,  are  continuAlly  sprmging  up,  as  the 
older  ones  are  found  inadequate  to  meet  the  ezigencieB 
of  increasing  knowledge.  ^ 

Prom  the  study  of  morphological  science  we  have 
elucidated  six  great  types  or  plans  of  animal  structure ; 
and  in  the  present  system  of  classification  tiliese  are  used 
under  the  term  of  *^ aub-kingdams"  as  primary  groupe^ 
readily  susceptible  of  division  into  smaller  groups. 

The  system  of  classification  may  be  expressed 
thus : — 

Kingdom. 

Sub-Kingdom. 
Class. 
Order. 
Family. 
Grenus. 
Species. 
Or  we  may  simply  affirm  that  the  whole  animal 
kingdom  is  dividd^  'into  sub-kingdoms,  each  of  these 
latter  being  further  divided  into  classes ;  the  classes 
into  orders  ;  the  ordeis  into  families  ;  the  families  into 
genera ;  and  the  genera  into  species.     In  ascending  the 
scale^  however,  and  explaining  the  meaning  and  appli- 
cation of  these  terms,  our  difficulties  arise.     Spedes^ 
which  we  may  regard  as  the  unit  of  classification,  is  a 
term,  regarding  the  nature  of  which  much  discussion 
has  existed  from  all  time  past^  and  which,  for  some  time 
to  come,  appears  as  likely  to  be  continued.    To  define  the 
limits  of  species  is,  in  the  present  state  of  our  knowledge^ 
absolutely  impossible,  the  inability  arising  not  so  much. 
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perliaps,  from  lack  of  infonnation,  as  from  the  veiy  many 
ooDsideiations  mvolved,  in  attempting  to  include  within 
the  limits  of  a  m^re  definition  the  nmnberless  feusts  and 
ideas  included  in  the  term.  Nor  are  naturalists  at  all 
agreed  as  to  the  exact  limits  of  the  term,  one  party 
considering  as  a  true  species  what  another  sect  might 
hold  to  be  a  mere  variety  of  the  species.  For  a  simple 
yet  expressive  enough  definition,  we  may  refer  the 
reader  to  that  of  Professor  Jones,  which  in  plain  lan- 
guage embodies  what  webeHeve  to  be  the  gist  of  the  temu 
By  Professor  Jones  species  is  defined  as  ''  a  number  of 
animals  so  closely  resembling  each  other  that  they  all 
might  be  supposed  to  be  the  offepring  of  the  same 
parents,  and  in  turn  to  give  birth  to  progeny  exactly 
resembling  themselYes."  Thus,  the  common  rabbit 
resembles  its  parents  in  most  particulars,  and  its  pro- 
geny will,  in  ordinary  circumstances,  bear  the  likeness 
of  their  parents.  Food,  climate,  and  other  physical 
agencies  may,  however,  operate  on  the  species,  produc- 
ing changes  which,  whilst  not  altering  to  any  great 
degree  the  appearance  of  the  animal,  may  yet  so 
change  its  habits  and  life,  as  to  give  rise  to  varieties  of 
the  speciesL 

Cfenua  (plural  genera)  embraces  several  species,  which 
resemble  each  other  in  some  important  characters,  thus 
sufficing  for  their  more  immediate  distinction  and  sepa- 
ration from  other  animals.  Thus,  the  hare  bears  so 
dose  a  resemblance  to  the  rabbity  that  we  include  them 
both  in  one  genus.  As,  however,  they  differ  in  certain 
minor  particulars,  we  are  warranted  in  referring  them 
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to  different  speciee.  So  also  with  the  mouse  and  nt, 
and  many  other  aniTnala,  which  the  mind  will  readily 
suggest  to  itsell 

A  FamUy  is  a  minor  group,  including  a  number  of 
genera,  and  inserted  for  the  sake  of  conyenience,  and 
to  avoid  overcrowding  the  Orders,  where  the  number  of 
forms  is  very  numerous. 

An  Order  embraces  genera  allied  to  each  other  by 
some  important  general  feature  in  their  economy.  Thus, 
the  hare  and  rabbit  are  both  furnished  with  sharp, 
chisel-shaped  incisor,  or  ironi  teeth.  But  in  certain 
other  animals,  such  as  rats,  mice,  squirrels,  beaverSy 
porcupines,  etc.,  this  peculiar  arrangement  of  the  den- 
tal apparatus  is  also  found ;  and  this  characteristic 
feature  we  account  of  sufficient  value  to  unite  these 
varied  forms  together  in  the  Order  Boderdia,  or  gnaw- 
ing quadrupeds. 

A  Class  includes  many  orders,  united  by  some  still 
broader  feature  or  features.  Thus,  animals  comprised 
in  the  order  Rodentia  suckle  their  young ;  but  so  also 
do  whales,  horses,  dogs,  sheep,  elephants,  seals,  bears, 
etc.  This  grand  characteristic  is,  therefore,  sufficient 
to  unite  these  various  orders  in  a  common  ClasSj  that 
of  the  Mammalia,  or  animals  nourishing  their  young 
by  the  secretion  of  milk.  The  Mammalia,  in  common 
with  fishes,  reptiles,  and  birds,  possess  an  internal 
skeleton  and  vertebral  column ;  and  hence  the  sub- 
kingdom  Vertebrata^  also  a  great  morphological  type, 
is  constituted.  Such  is  a  femiiliar  description  of  the 
principles  of  the  present  system  of  classification.  Much 
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that  may  at  fiist  appear  difficult  and  incomprehensible 
will  be  rendered  facile  and  plain  as  the  student  ad- 
Tances  in  the  study,  and  familiarises  himself  with  ex- 
amples of  the  yarious  terms  and  their  application. 
Practice  and  association  will  soon  accomplish  what  the 
most  lucid  description  may  fail  to  impart  or  render 
plain. 

In  scientifically  naming  animals,  and  plants  also,  we 
use  the  binomial  system,  by  which,  as  the  term  implies, 
we  give  to  eveiy  organism  two  names.  The  first  of 
these  is  the  ''  generic  "  term,  whilst  the  latter  indicates 
the  **  gpeeiea."  Thus,  the  rabbit  is  named  Lepua  etmi- 
eulu8,  and  the  hare  Lepus  timidvs  ;  the  domestic  mouse 
Mu»  deetimanu8;  the  harvest  mouse  ift^  niessorius;  and 
the  rat,  Mua  rattus.  The  following  examples  will  serve 
to  show  the  classification,  and  render  the  process  of 
di£ferentiation  plainer : — 
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CHAPTER  III. 

FBOTOZOA. 

Genera]  Characters — Classi^cation — Gregarinid&--Rliizopoda — 

Spongida — Infutoiia. 

Thb  Protozoa  form  the  first  and  simplest  of  the  sub- 
kingdoms.      As   the    term  implies,   the  forms  com- 
prised within  the  limits  of  the  division  are  of  the 
most  lowly  organisation,  and  exhibit  a  corresponding 
simplicitj  of  stracture.     Many  Protozoa  have  been — 
and  several  forms  by  some  observers  still  are — ^r^;arded 
as  finding  a  more  appropriate  place  among  the  Proto- 
phyta,  or  lower  plants  ;  and  it  is  in  the  consideration 
of  the  forms  and  relations  of  these  simple  organisms, 
that  the  futility  of  attempting  strictly  to  confine  the 
boundaries  of  either  the  animal  or  the  plant  series  is 
meet  clearly  visibla      In  defining  the  sub-kingdom, 
we  may,  firstly,  notice  that  the  Protozoa  are  for  the 
most  part   of  microscopic   size.      Their   bodies   are 
composed  of  a  soft  flesh-like  substance,  to  which  the 
name  of  ^  sarcode,"  or  *'  protoplasm,"  has  been  applied; 
and  no  definite  symmetry  of  body,  or  differentiation  of 
organs  and  tissues,  can,  on  the  whole,  be  said  to  exist 
The  Protozoa,  in  fine,  appear  to  be  characterised  rather 
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by  negative  than  by  positiYe  characteristics ;  rather  by 
the  non-possession,  than  by  the  possession,  of  defined 
organs,  tissaes,  or  stnictures.  And,  lastly,  when  we 
add  that  they  are  generally  aquatic  in  their  habits — 
inhabiting  both  fresh  and  salt  water — we  shall  have 
completed  the  elements  of  a  general  definition  of  the 
sub-kingdom. 

The  "sarcode,"  or  "protoplasm,"  of  which  the 
bodies  of  the  Protozoa  are  composed,  has  been  defined 
as  a  "  nearly  structureless  albuminous  substance,"  yet 
apparently  possessing  so  many  of  the  qualities  neces- 
sary for  vitality,  and  for  carrying  on  the  operations 
exhibited  by,  and  consequent  on,  the  possession  of  life, 
that  Professor  Huxley  has  applied  to  sarcode  the  title 
of  ^physical  basis  of  life."  Thus,  familiarly  in  the 
case  of  the  AnuBbcL,  or  Pioteus-Animalcule  (Fig.  2), 
and  notably  in  many  other  inBtanoes,  the  sarcode  of 
whicb  the  animalcule's  body  is  domposed  subserves  in 
itself  the  functions  of  a  digestive  oigan^  of  a  circn- 
latoiy  medium,  and  of  a  reproductive  apparatus ;  and 
it  can  also  produce  other  structures,  such  as  sheUs  of 
intricate  construction ;  in  shorty  vital  phenomena,  of 
the  most  complicated  description,  are  witnessed  to  be 
produced  by  a  seemingly  structureless  substance.  And 
the  genendisation  of  function  thus  perceived  indicates 
that  this  sarcode  matter  partakes  of  and  contains 
inherent  vital  properties ;  the  result  of  investigations 
on  this  subject  being  the  construction  of  the  most 
recent  theories  of  the  nature  of  life  and  vital  action, 
the  tendency  of  which,  as  previously  noticed^  is  to 
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regard  life  as  a  condition  pecnliar  to  matter,  and  not  as 
a  separate  and  distinct  principle. 

Locomotion  is  effected  in  the  Protozoa  by  a  variety 
of  means.  Ab  in  the  case  of  the  Amceba,  movements 
may  be  carried  on  by  means  of  extensile  and  retractile 
prolongations  of  the  sarcode — ^the  tenn  '*  pseudopodia/' 
or  **  falae  feet,"  being  applied  to  these  organs.  In  the 
Infiuoria,  on  the  other  hand,  locomotion  is  effected  by 
means  of  the  characteristic  vibratile  "  cilia,"  or  filaments, 
with  which  the  bodies  of  these  animalcules  are  pro- 
Tided.  The  Sponges,  representing  another  section  of 
the  Protozoa,  remain,  in  their  native  state,  rooted  and 
fixed  to  the  sea-bed 

Classification, — ^The  Protozoa  are  divisible  into  fonr 

ClllHtlCB  . 

Glass     L — Grbgartnida. 
Class    II. — Ehizofoda. 
Class  III. — SpoNoroA. 
Class  rV. — IxvusoBU. 

Hie  term  Astomata  is  sometimes  applied  collectively 
to  the  first  three  classes,  no  distinct  mouth  being  pre- 
sent in  these  groups ;  the  Infusoria,  in  which  a  distinct 
oral  aperture  is  found,  being  known  as  the  Stomatous 
ProtoBoa 

daas  I.  QBaoABiNiDA. — The  Oregarinida  form  a 
group  of  limited  extent^  and  of  exceedingly  simple 
atmctnie.  They  are  found,  as  parasites,  inhabiting  the 
bodies  of  insects,  worms,  and  allied  forms ;  and  this 
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characteristic,  together  with  the  fact  that  they  are 
incapable  of  emitting  the  "  pseudopodia,"  so  marked  a 
feature  in  the  succeeding  group,  is  sufficient  to  consti- 
tute a  definition  of  the  class.     The  Gregarina  of  the 
earthworm  (Fig.  1,  a)  may  be  taken  as  typically  repre- 
senting the  group.     It  consists  of  a  structureless,  ill- 
defined,  outer  wall  or  envelope,  enclosing  semi-fluid 
and  granular  contents.     At  one  portion  of  the  body,  a 
spherical  mass^  termed  the  ^nudeue,"  is  observable; 
and  this,  in  turn,  may  contain  one  or  more  smaller 
particles,  to  which  the  name  of  "  nucleoli  "  is  applied. 
The  office  of  the  nucleus,  or  central  body,  as  we  shall 
presently  see,  is  intimately  connected  with  the  repro- 
ductive process.     The  general  structural  features  of 
this  creature  forcibly  call  to  mind  the  constitution  of 
the  simple  elementary  body  known  as  the  cdl;  and, 
indeed,  physiologically  considered,  the  vital  processes 
witnessed  in  the  Gregarina  are  essentially  those  exhi- 
bited by  the  active  and  simple  living  celL 

The  Gregarina  subsists  by  simple  imbibition  and  ab- 
sorption of  fluids  through  the  simple  walls  of  its  body, 
no  digestive  apparatus  of  any  kind  being  found.  The 
reproductive  process  is  extremely  interesting,  as  aflbrd- 
ing  a  fitting  illustration  of  Yon  Baer's  great  law  that 
"  development  proceeds  from  the  general  to  the  special ;" 
in  other  words,  that  up  to  a  certain  point  in  the  process 
of  development  the  changes  observed  in  the  ovum  or 
egg  are  common  to 'the  entire  sub-kingdom,  or  type  of 
structure,  to  which  the  form  belongs ;  but  that  at  thia 
point  the  development  speoialifleB  itself,  and,  in  accord*- 
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ance  with  the  degree  of  specialiflation  observed,  a  higher 
or  lower  form  is  produced.  This  discoYerj  completely 
TOYolationised  the  older  theories  and  ideas  of  develop- 
menty  by  which  it  was  supposed  that  in  the  develop- 
ment^ say  of  any  of  the  higher  vertebrates,  the  stages 
in  that  process  corresponded  to  the  various  lower  types 
of  structure  into  which  the  entire  series  is  divided ;  or 
that,  in  the  case  of  the  vertebrate  embryo,  the  stages  of 
development  represented  the  various  and  perfect  types 
of  structure  known  as  the  Protozoa,  Coelenterata,  Echi- 
nozoa,  Annulosa,  and  MoUusca.  Yon  Baer^s  researches 
disproved  this  theory,  and  showed  that  a  conunon  point 
of  divergence  was  reached  in  the  developmental  process, 
and  that  the  characteristic  features  of  the  type  of  struc- 
ture to  which  the  ovum  belonged  were  immediately 
thereafter  exhibited — these  features  continuing  to  grow 
more  and  more  specialised  until  the  perfect  form  was 
finally  evolved.  In  the  reproductive  process  of  Ore- 
garina,  the  principal  points  in  the  development  of  the 
animal  ovum  may  be  conveniently  studied.  Two  6re- 
garinae  come  together  and  coalesce — or  one  individual 
may  be  observed  in  itself  to  exhibit  the  changes  about 
to  be  described — the  united  GregarinsB,  or  the  single 
individual,  as  the  case  may  be,  next  form  a  spherical 
or  rounded  mass,  which  soon  developes  around  it 
a  thickened  structureless  envelope  or  ''cyst."  The 
''nucleus''  then  disappears,  and  the  contents  of  the 
cyst  undergo  division  and  segmentation,  until  the  in- 
terior of  the  sphere  is  seen  to  be  filled  by  a  mass 
of  curious  spindle-shaped  bodies,  to  which  the  term 
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"pseudonayicellaB"  is  applied  (Fig.  1,  b,  c).  The 
next  stage  consists  in  the  rapture  of  the  cyst,  the 
''pseudonavicellsQ"  (Fig.  1,  d)  escaping  into  the  sur- 
rounding medium,  and  requiring  hut  little  further 
change  to  make  them  resemhle  the  Gregaiina  or  parent 
organism  from  which  they  sprang. 

Class  II.  Ehizofoda. — The  Ehizopoda,  or  "root- 
footed  "  Protozoa,  are  defined  as  Protozoa  "  capahle  of 
emitting  extensile  and  retractile  prolongations  of  their 
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Fig.  1.  MOBFHOLOOT  AlTD  DCVB^OPMBHT  07  GRBQABINIDA. 

a  a»  Adult  Gregarina  ;  h,  encysted  condition  of  Gregarina,  showing  pseodo- 
navicellflB  contained  in  the  interior  of  the  cyst ;  e,  more  advanced  sta^ 
of  b,  the  septum  haying  disappeared ;  d,  f^e  pseudonavicellse,  the  lower 
figure  presenting  an  amoebiform  appeaxance. 

body-suhstance  "  (Allman).  Of  this  class  the  AmoBha 
(Fig.  2,  a,  h)  may  be  taken  as  a  characteristic  example. 
This  animalcule  is  found  amid  the  duckweed,  which, 
during  the  summer  months,  fringes  every  stagnant  pooL 
Its  name  is  derived  from  the  Greek  amoibe,  change, 
in  allusion  to  a  peculiar  feature  in  its  organisation,  in 
virtue  of  which  it  constantly  alters  its  shape  (Fig.  2,  h\ 
the  soft  protoplasmic  body  being  thrown  into  every 
conceivable  form.  The  "  pseudopodia,"  or  "  false  feet," 
furnish  a  definite  feature  of  the  group.  These  consist 
of  variously-shaped  processes,  formed  by  the  extension 
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of  the  outer  saicode  of  the  body.  They  appear  to  be 
produced  spontaneously,  and  from  any  part  of  the 
body-margin ;  their  evident  function  is  to  act  as  pre- 
hensile organs,  for  grasping  particles  of  nutrient  matter, 
but  they,  in  many  cases,  constitute  locomotive  organs 
also. 

The  processes  of  life  in  Amoeba  are  exceedingly  simple, 
and  may  be  well  observed  by  feeding  the  animalcule  on 


Fig.  2.  Rhizopoda. 

a,  Avtaba  radiomi,  shoving  psendopodla,  nacleuSy  contractile  vesicle,  and 
food-Tacuoles ;  h,  Amceba  difiuena,  in  yarioos  stages  of  contraction. 

coloured  substances,  such  as  indigo  or  carmine,  in  a  fine 
state  of  division, — a  plan  pursued  by  Ehrenborg  in  his 
researches  on  the  Infusoria.  A  piece  of  this  coloured 
"food"  may  be  seen  to  approach  the  Amoeba,  when, 
at  once,  it  extends  towards  the  particle  two  of  the 
*^  pseudopodia,"  with  these  it  encloses  the  little  mass  of 
nutriment,  the  pseudopodia  melt  into  one  another  at 
their  extremities,  and  finally  the  morsel  is  seen  to  be 
deposited,  or  rather  engulfed,  within  the  body  of  the 
creature.  The  entire  process  of  prehension  and 
deglutition,  if  we  may  use  the  term,  in  the  Ama^>ba, 
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has  been  n9t  inaptly  compared  to  the  thrnsting  of  a 
solid  substance,  such  as  a  stone,  into  the  heart  of  a 
mass  of  soft  matter,  such  as  clay.  Whilst  retained 
within  the  body  of  the  creature,  the  nutritive  portion 
of  the  food  will  be  extracted  by  some  process  analogous 
to  digestion,  and  the  effete,  or  indigestible  portion,  cast 
out,  by  a  simple  reversion  of  the  process  by  which  it 
was  taken  in. 

Anatomically  viewed,  several  structnm  of  importance 
are  to  be  noticed  in  the  Amosba.  A  nucleus  (Fig.  2,  a), 
similar  in  all  essential  points  to  that  observed  in  Gre* 
garina,  is  firstly  seen;  and,  with  this  primary  centre, 
several  other  nuclei  may  be  associated,  the  function  of 
each  being  to  subserve,  in  some  degree  at  least,  the 
reproductive  process.  A  second  structure  is  noticed  in 
a  clear  spot  or  space,  formed  by  a  small  cavity,  the  posi- 
tion of  which  in  the  body  of  the  animalcule  appears  to 
be  undefined.  From  the  fact  that  this  space  is  observed 
to  expand  and  contract,  with  a  regular  and  defined 
motion,  it  has  received  the  name  of  ''contractile  vesicle" 
(Fig.  2,  a).  It  has  been  generally  regarded  as  a  circula- 
tory organ  or  heart,  serving  to  distribute  throughout 
the  body  the  nutritive  fluid  derived  from  digestion,  or, 
as  has  been  supposed,  simply  fluid,  derived  from  the 
surrounding  water.  Around  the  little  food-particles, 
which,  as  we  have  seen,  are  variously  deposited  through- 
out the  body,  dear  spaces,  known  as  "vacuoles,"  are 
seen  to  form.  The  formation  of  these  vacuoles  is,  in 
all  probability,  connected  with  the  solution  and  digestion 
of  the  food.   No  nervous  system,  or  analogous  structures, 
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have  been  observed  in  tbe  Amceba,  the  low  oiganiBatioii 
of  the  craatuie  pieclDdisg  the  idea  of  the  existence  of 
at  least  any  defined  organs  pertaining  to  tbe  ftinction  of 
relation.  That  the  Amteba  and  its  allies  possess  certain 
lelations  'with  the  external  world  is  indisputable,  bnt 
these  relations  are  to  be  regarded  as  connected  rather 
with  a  general  sensibility  than  with  any  defined  or 
specialised  sensations.  Eeproduction  may  be  accom- 
plished in  varioua  ways,  among  which  the  most  familiar 
are  those,  firstly,  by  simple  fusion  or  division  of  the 
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body-substance,  each  part  becoming  a  distinct  and 
separate  organism ;  and,  secondly,  by  a  process  exhibit- 
ing alt  the  stages,  similar  to  those  observed  in  the  repro- 
dnction  of  Gregarina. 

The  Bhizopoda  are  divided  into  three  orders,  the 
first  of  which,  that  of  the  (a)  Ameebea,  is  represented  by 
the  Amceba  (Fig.  2,  a,  b),  and  by  Difflugta  (Fig.  3,  b), 
the  body  in  this  latter  form  being  contained  within  a 
stiETened  case  or  membrane,  formed  by  the  deposition 
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in  the  sarcode  of  particles  of  sand  and  other  material. 
From  the  single  apertuiey  situated  at  what  may  he  re- 
garded as  the  anterior  extremity  of  the  creature,  the 
pseudopodia  are  protruded,  as  depicted  in  the  accom- 
panying figure.  The  Actvnophrya  8d,  or  "sun-ani- 
malcule "  (Fig.  3,  a),  also  exemplifies  this  order. 

(h)  Order  Foramini/era, — If  we  suppose  an  Amoeba 
to  be  endowed  with  the  power  of  secreting  an  ex- 
ternal shell  composed  of  carbonate  of  lime,  and  that 
through  holes -(i^(9rami7/a)  in  the  shell  the  '' pseudo- 
podia" could  be  protruded,  we  will  acquire  a  sufficiently 
clear  idea  of  the  morphology  and  relations  of  the  present 
group.  The  sarcode  of  which  the  bodies  of  the  Fora- 
minifera  are  composed,  differs  in  certain  respects  from 
that  found  in  the  Amoeba  and  its  allies.  In  the  pre- 
sent division  the  protoplasm  is  of  a  reddish-yellow 
colour,  and  possesses  considerable  elastic  and  contractile 
properties,  whilst  through  its  substance  a  cyclosis,  or 
circulation  of  the  included  particles  or  granules  appears 
to  be  incessantly  carried  on.  The  pseudopodia  are, 
further,  of  greater  relative  length  than  in  other  Bhizo- 
poda,  the  free  extremities  of  these  organs  in  many 
cases  uniting  to  form  a  reticulated  or  network  struc- 
ture. 

The  shells  exhibit  in  many  instances  great  beauty 
of  structure  and  design,  the  geometrical  regularity  of 
form  being  at  once  remarkable  and  striking.  So 
far  as  intimate  structure  is  concerned,  the  shells  or 
"tests"  of  Foraminifera  consist,  in  the 'majority  of  in- 
stances, of  carbonate  of  lime,  but  in  other  cases  the 
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"  test "  may  be  merely  iuenaceouB  or  membianoua,  con- 
nstiiig  of  particles  of  eaud  imbedded  in  a  membranous 
envelope. 

Two  types  of  conformation  aie  found  in  the  Fora- 
miniferons  ahellsi  In  the  first  type  the  shell  coneista 
of  bat  a  single  ehamber,  the  shell  being  thus  simple, 
and  the  division  known  as  the  Manothalamous,  ot 
"  single-cbambered "    Foraminifeia.      In    the   Pdy- 
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ihalamia,  or  "  mauy-chambeTed,"  Foraminifera,  forming 
the  second  division,  the  shell  is  compound,  and  consists 
of  B.  series  of  chambera  arranged  spirally  ot  otherwise, 
and  conunani eating  with  each  other.  The  develop- 
ment of  the  Polytbalamia  takes  place  by  a  process 
analogous  to  gemmation  or  budding,  the  organism  in 
its  earlier  stages  consisting  of  a  simple  and  single  seg- 
ment, the  sacceeding  chambera  and  segments  being 
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developed  in  various  axes  from  this  primary  mass,  to 
form  the  compound  organism.  The  Lagena,  or  '^  flask- 
animalcule"  (Fig.  4,  a),  may  be  cited  as  representing  the 
Monothalamia,  whUst  the  Polystamdla  (Fig.  4,  b)  pre- 
sents a  typical  example  of  the  Polythalamia ;  the 
pseudopodia,  in  the  former  instance,  being  protruded 
from  the  single  anterior  aperture  of  the  shell,  whilst, 
in  the  latter  case,  the  foramina  perforate  the  walls 
generally  of  the  divisions  or  chambers  of  the  shelL 

Order  (c)  Radiolaria, — ^The  Eadiolaria  differ  from 
the  members  of  the  previous  division,  in  that  their 
shells  are  composed  of  siliceous  or  flinty  matter,  in- 
stead of  lime,  as  in  the  foregoing  group.  The  pseudo- 
podia  of  the  Eadiolaria,  in  addition,  appear  to  be  modi- 
fied in  form  and  construction,  these  organs  presenting  a 
stiff  and  rayed  conformation,  and  being  in  many  cases 
supported  on  siliceous  spines.  The  Podocyriis  (Fig.  4,  c) 
represents  the  present  order,  the  relations  of  which 
have  as  yet  been  but  imperfectly  investigated.  Viewed 
distributionally,  and  in  the  twofold  aspect  of  space 
and  time,  the  Foraminifera  and  Badiolaria  present  for 
consideration  many  features  of  great  interest  and  im- 
portance. Becent  deep-sea  explorations  show  that  the 
bed  of  the  ocean  is  very  generally  covered  by  a  thick 
layer  of  Foraminiferous  shells,  containing  living  organ- 
isms. This  fact  serves  to  correct  the  generally-re- 
ceived notion  that  life  could  not  exist  in  such  great 
depths  of  water,  and  further  tends  to  confirm,  in  a 
remarkable  manner,  the  geological  history  of  these 
forms ;  since  the  cretaceous  rocks  and  chalk  forma- 
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lions  of  OUT  globe  are  composed  almost  entirely  of 
Foraminiferous  sheUsy  which  must  have  formed,  ac- 
cording to  geological  interpretation,  a  layer  of  great 
thickness  in  the  bed  of  an  ancient  ocean,  this  layer 
being  deposited,  in  past  ages,  exactly  as  we  find  the 
oceanic  ooze  of  Foraminiferous  organisms  to  be  de- 
posited in  the  present  day.  Whilst  the  Foraminifera 
seem  to  exist  in  the  lower  depths  of  the  ocean,  the 
Badiolana  appear  to  live  near  the  surface  of  the  water, 
the  shells  of  these  latter  forms  falling  in  turn  to  the 
lower  depths,  to  mingle  with  the  remains  of  their 
nearly -related  allies.  Of  ancient  forms,  the  most 
fEmoiliar  is  the  Numulite,  so  named  from  its  coin-like 
appearance ;  and  the  Eozoon  Canadense,  found  in  the 
Laurentian  rocks  of  Canada,  and  supposed  to  be  the 
oldest  of  fossil  organisms,  is  believed  to  be  a  Forami- 
nifer,  possessing  evident  relations  with  certain  living 
and  existing  forms. 

Class  IIL  Sponoida. — If  a  living  Sponge  be  examined, 
we  shall  find  it  to  be  coated  externally,  and  lined  inter- 
nally, with  the  soft  glairy  flesh  or  sarcode  of  which  the 
bodies  of  the  Protozoa  are  composed.  The  Sponge, 
&miliarly  known  as  such,  is  thus  merely  the  fibrous 
framework,  or  skeleton,  which  served  to  support  the  soft 
saroodic  and  living  matter.  Morphologically  viewed, 
a  Sponge  may  be  considered  as  a  "  massing  together  of 
AmoBba-like  animals,''  the  Amosba-like  particles  each 
containing  a  nucleus,  and  being  united  together  to  form 
"a  continuous  lamellar  membrane."  The  skeleton  or 
framework  of  the  Sponge  consists  of  two  distinct  ele- 
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meiits,  the  relation  of  the  two  being,  however,  apparent 
on  close  examination  only.  The  first  element  is  represent- 
ed by  the  fibrous  substance  familiarly  known  as  Sponge, 
which  is  composed  of  '*  keratode,"  a  substance  closely 
jresembHng  horn  in  composition.  The  second  element 
consists  of  "  spicida,"  or  needle-like  bodies  of  flint  or 
lime,  serving,  by  their  interlacing,  to  strengthen  and  sup- 
port the  fibrous  framework.  These  spicula  present  a 
great  variety  of  forms,  some  of  which  are  represented 
in  Fig.  5  (a,  b,  c,  d,  e).    In  several  living  Sponges,  but 
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Fig.  5.  Spicola  of  Sponok. 


a,  b,  c,  Siliceous  splcuIa  of  Halieilumdria  ;  d,  Splcnlnm  of  SponifiUa  ; 
a,  Trinuliate  calcareotui  spicuU  of  Grantia. 

principally  in  extinct  and  fossil  forms,  the  fibrous 
framework  gives  place  to,  and  is  represented  by,  a  cal- 
careous or  siliceous  skeleton,  the  conformation  of  which, 
in  fossil  specimens,  can  frequently  be  determined  with, 
great  accuracy. 

Sponges,  for  a  lengthened  period,  were  regarded  as 
vegetables,  and  it  is  only  within  recent  date  that  the 
true  animal  nature  of  these  organisms  has  been  definitely 
ascertained.  The  chief  point  to  which  attention  has 
been  direct-ed  in  the  examination  of  the  Sponges,  is  the 
series  of  phenomena  to  which  the  collective  term  of 


SPONGIDA. 


43 


''circulation  in  the  Sponge/'  has  been  given.  On 
examining  any  ordinary  Sponge,  two  sets  or  kinds  of 
apertoiee  can  readily  be  distinguished ;  a  series  of  larger 
apertures,  comparatively  few  in  number,  as  compared 
with  the  second  series  of  minute  holes,  which  stud 
over  every  part  of  the  Sponge.  To  the  larger  apertures 
the  term  ''  oscula"  is  applied,  whilst  the  smaller  holes 
are  known  as  "  pores."  It  is  important  to  distinguish 
between  these  apertures,  as  the  functions  of  each,  in  the 


Fig.  6.  DiAQBAiiMATio  Sbction  OF  Frbbh-Wateb  Spokoe  (SpongUlo), 

(after  Hozley). 

a  a,  Sopoflclal  layer ;  6  b,  Pores ;  e  e,  Ciliated  chambers ;  d,  an 
oaenhim;  t,  deeper  substance  of  Sponge.  The  arrows  indicate  the 
direction  of  the  enrrents. 

phenomena  about  to  be  described,  differ  most  materially. 
On  viewing  a  living  Sponge  by  the  aid  of  the  micro- 
scope, a  constant  circulation  of  water  is  perceived  to  be 
carried  on  in  the  organism.  The  course  of  the  circula- 
tion is  as  follows  : — By  the  smaller  apertures  or  pores 
(Fig.  6,  b  h)  water  is  being  constantly  inhaled,  whilst 
from  the  larger  apertures  or  "oscula"  (Fig.  6,  d)  cur- 
rents are  as  incessantly  being  exhaled.  The  pores  are 
thus  "inhalent^"  or  afferent  orifices,  the  oscula  being 
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exhalenty  or  effezent  apertmes.  The  water  admitted  by 
the  pores  permeates  the  entire  system,  being  conveyed 
throughout  the  organism  by  the  intercellular  and 
branching  canals  which  ramify  within  the  Sponge. 
The  mechanism  by  which  the  force  for  carrying  on  the 
circulatory  movements  is  supplied,  consists  in  collec- 
tions of  vibratile  cilia,  or  small  eyelash-like  filaments 
(Fig.  6,  e  c),  contained  in  circular  chambers  excavated 
in  the  lining  membrane  of  the  canals  of  the  deeper  sub- 
stance (Fig.  6,  e)  of  the  Sponge.  By  the  constant  action 
in  one  direction  of  those  filaments — namely,  towards 
the  oscula-^the  water  is  driven  from  the  pores  in  the 
direction  of  the  excurrent  system  of  canals,  which  ter- 
minate in  oscula ;  and  by  the  same  movement  fresh 
water  ia  as  incessantly  drawn  in  through  the  pores. 
I^utrient  material  is  thus  conveyed  through  the  entire 
system,  and  the  effete  matter  is  thus  also  excreted,  this 
latter  phase,  and  indeed  the  entire  series  of  actions, 
subserving  in  a  manner  the  function  of  respiration,  or 
of  a  nearly  analogous  process. 

The  morphological  relations  of  the  vibratile  cilia  are 
exceedingly  interesting,  inasmuch  as  these  filaments 
appear  to  consist  of  the  lash-like  appendages  of  the 
individual  sponge  particles,  or  AmcBba-like  masses, 
which  thus  unite  together  in  definite  series  to  form  the 
circulatory  apparatua  To  a  certain  extent  the  circula- 
tory action  appears  to  be  a  voluntary  one,  the  oscula 
being  closed  at  the  will  of  the  organism,  whilst  the 
pores  are  to  a  greater  degree  still  under  the  control  of 
the  animaL 
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Heprodaction  in  Sponges  may  take  place  (a)  asexnally, 
bj  the  development  during  the  winter  season  of  seeds 
or  ^'  gemmules,''  containing  a  mass  of  sponge-particles, 
which  in  the  spring  time  are  liberated  from  the  seed,  and 
develop  into  the  adult  Spongilla ;  or  small  ciliated  re- 
productive bodies,  or  "  spores,''  may  be  discharged  from 
the  oecula  with  the  currents  of  effete  water,  these  par- 
ticles leading  for  a  time  a  free  and  independent  exist- 
ence,  and  then  finally  rooting  themselves  to  some  fixed 
object,  and  developing  the  sponge-like  form  and  struc- 
ture ;  or,  we  may  have  a  (h)  sexual  mode  of  reproduction, 
in  which  certain  sponge-particles  develop  by  the  aid 
of  other  particles  into  ova,  these  ova  becoming  segmented 
as  before,  and  giving  rise  to  ciliated  masses,  which 
finally  grow  into  Sponges,  resembling  those  from  which 
they  originated.  Exhibiting  thus  a  complex  structure, 
and  showing  decided  afi^ties  to  the  animal  series, 
Sponges  have  rightly  been  classed  with  that  division  of 
organic  beings.  ''  Now  that  we  know,''  says  Huxley, 
"  the  whole  cycle  of  the  life  of  the  Sponges,  and  the 
characters  which  may  be  demonstrated  to  be  common 
to  the  whole  of  this  important  and  remarkable  class, 
I  do  not  think  any  one  who  is  acquainted  with  the 
organisation  or  the  functions  of  plants,  will  be  inclined 
to  admit  that  the  Spongida  have  the  slightest  real 
affinity  with  any  division  of  the  vegetable  kingdom." 

Class  IV.  Infusoria. — ^The  Infusoria  present  us  with 
an  advance  on  the  ordinary  Protozoic  structure  of  the 
preceding  groups.  The  spedaliaation  of  a  particular 
part  of  the  body-wall  to  form  a  mouth,  the  consolidation 
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of  the  body-substance  generally,  and  the  increased  dis- 
tinction of  even  the  elementary  organs  found  in  these 
animals,  form  characteristic  points  in  the  advanced 
organisation  of  the  group.  The  special  and  distinctive 
feature  of  the  class  is  the  incapability  of  these  forms 
to  emit  *'  pseudopodia,"  together  with  the  umversal 
possession  by  them  of  yibratile  cilia  or  filaments,  per- 
forming a  locomotive  function,  and  aiding  in  the  nutri- 
tive process  also. 

The  term  Infusoria  originates  in  the  fact  that  these 
animalcules  are  ordinarily  found  wherever  organic 
matter  in  a  state  of  decay  is  present,  and  notably  in 
infusions  of  vegetable  and  animal  substances.  Thus  an 
infusion  of  hay,  of  tea^  of  leaves,  or  other  vegetable 
matter  being  made,  and  allowed  to  stand  for  a  longer 
or  shorter  period  of  time,  will,  on  examination,  under 
ordinary  circumstances,  be  found  to  teem  with  living 
forms,  of  which  the  most  numerous  and  characteristic 
are  the  animalcules  included  in  the  present  class.  To 
this  phenomenon  the  older  philosophers  gave  the  name 
of  "spontaneous  generation,"  a  doctrine  revived  in 
modem  days  under  the  term  "  Heterogeny ;"  and  the 
main  element  in  which  may  be  briefly  stated  as  implied 
in  the  belief  that  the  animalcules  in  the  infusion  were 
produced  spontaneously  from  the  fluid,  or  without  the 
existence  of  parent-germs  or  organisms.  The  opposers 
of  this  view,  scientifically  known  as  "  panspermists," 
seek  in  the  air,  and  in  the  substances  mechanically 
suspended  in  and  conveyed  by  that  medium,  the  true 
explanation  of  the  production  of  Infusorial  animalcules 


INFUSORIA.  47 

in  Qiganic  infusions.  Eecent  researches  would  seem  to 
afford  strong  evidence  in  favour  of  this  latter  and  more 
feasible  theory,  which  possesses,  at  the  same  time,  the 
additional  merit  of  at  least  endeavouring  to  satis&ctorily 
and  sensibly  account  for  the  production  of  these  forms. 
Modifications  of  this  broad  theoiy  are  continually  being 
brought  forward,  but,  in  the  main,  the  grounds  of  belief 
rest  on  the  supposition  that  the  germs  or  seeds  of  living 
bodies  are  carried  by  the  air,  and  that  these  germs, 
finding  a  suitable  medium  in  the  decaying  infusion, 
there  develop  the  forms  of  life  of  which  they  are  the 
embryos.  The  laws  which  regulate  the  production 
and  conservation  of  living  matter  have  yet  to  be  fully 
investigated,  but  there  can  be  little  doubt  that  in  the 
so-called  ''germ-theory,"  we  have  the  foreshadowing, 
in  hypothesis,  of  what  after-research  will  prove  to  be 
establiBhed  &ct 

The  general  morphology  of  the  class  may  best  be 
studied  by  the  examination  of  a  typical  form,  such  as 
that  of  ParamcBcium,  £uniliarly  known  as  the  "  slipper 
animalcule,"  and  of  which  a,  diagrammatic  representa- 
tion is  seen  at  Eig.  7,  A.  The  body  is  somewhat  of 
oval  shape,  the  margin  being  formed  by  a  structureless 
but  firm  membrane  (cuticle),  the  outer  edge  of  which 
is  fringed  with  the  delicate  vibratile  filaments  to  which 
the  term  "  cilia  "  is  applied.  Within  the  "  cuticle," 
the  body-substance  exhibits  a  firm  layer  of  structure,  to 
which  the  term  ''  cortical  layer  "  has  been  given,  whilst 
(his  encloses  in  turn  the  central  and  softer  sarcode. 
Three  layers  of  substance  are  thus  distinguished  in  the 
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Btractare  and  tlesnea  of  the  body.  At  one  point  (o) 
the  mouth  U  seen,  and  from  this,  formed,  as  it  were, 
hf  an  involution  of  the  external  boundaiy-memhiane, 
ve  have  continued  a  tube-like  canal,  lepresenting  an 
ceeophagns  or  gullet,  but  which  gradnallf  and  shortly 
merges  in  one  with,  and  becomes  lost  in,  the  general 
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and  central  protoplasm  of  the  body.  DiffeTentiatitm 
has  proceeded  thus  far,  a  moath  and  rudimentaiy  guUet 
being  specialised,  but  hen  the  process  atops  short,  the 
apecialisation  reaching  in  the  present  instance  no  higher 
grade  of  development.  The  "  cortical  layer  "  contains 
the  only  remaining  structures  which  merit  our  atten- 
tion.   The  first  of  these  is  constituted  by  the  nucleus 
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(n),  which  may  have  a  nucleolus  attached  to  its  ex- 
ternal sttiface.  The  nucleus,  and  its  attached  nucleolus, 
appter  in  the  Infusoria  to  he  intimately  connected 
withy  if  not  essentially  to  repiesent,  the  reproductive 
system.  The  second  organ  consists  of  the  "  contractile 
Tesicles"  {c  c),  which,  as  in  the  Amceha,  perform  the 
o&ee  of  circulatory  organs ;  the  ''  vesicles "  of  the  In- 
fusoria, however,  exhibiting  what  must  he  considered 
an  advance  on  the  structure  of  those  of  the  Amoeba, 
in  that,  from  the  "  vesicles "  in  the  Infusoria,  certain 
radiating  tubes  or  vessels  are  occasionally  seen  to  pro- 
ceed. If  the  existence  of  these  vessels — and  their 
existence  is  generally  admitted — be  admitted,  there 
seems  every  reason  to  suppose  that  they  represent  a 
rudimentary  circulatory  apparatus,  and  correspond  in 
function,  or  are  analogous  to  the  blood-vessels  of  higher 
forms.  The  clear  spaces  or  "vacuoles,"  observed  in 
the  neighbourhood  of  food-particles  which  are  under- 
going solution,  are  to  be  noticed  in  the  present  in- 
stance. Ehrenberg,  the  great  German  microscopist,  to 
whom  we  are  indebted  for  at  least  the  greater  part 
of  OUT  knowledge  regarding  these  creatures,  fed  these 
animalcules  on  coloured  foods,  as  we  have  previously 
described ;  and  observing  that  the  food-particles, 
after  passing  through  the  gullet^  were  deposited  in 
various  situations  throughout  the  substance  of  the 
body,  he  concluded,  from  seeing  the  "  vacuole  "  around 
each  food-particle,  that  the  little  masses  of  nutriment 
represented  so  many  distinct  stomachs.  From  this 
supposed  structure  he  gave  to  the  Infusoria  the  name 
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''  Polygastrica,"  or  '^  many-Btomached,"  animalcules.  As 
now  known,  the  **  stomachs  "  of  Ehrenberg  are  merely 
the  *'  vacuoles  "  or  spaces  which  indefinitely,  and  with- 
out any  regard  to  position  or  relation  of  parts,  form 
around  the  particles  of  nutriment  deposited  in  the 
substance  of  the  body.  A  brightly-coloured  particle, 
generally  of  a  red  colour,  occurs  in  almost  all  Infusoria. 
It  is  termed  the  pigment  spot,  but  its  function  is  quite 
undetermined.  Locomotion  in  the  Infusoria  is  effected 
by  the  yibratile  cilia,  the  currents  created  by  these 
filaments  also  serving  to  attract  particles  of  food  to- 
wards the  oral  aperture. 

Eeproduction  may  take  place  in  the  Infusoria  in 
one  or  other  of  three  distinct  modes.  The  first  of 
these  processes  is  by  (a)  simple  fission,  an  animalcule 
being  seen  to  divide  into  two  parts,  each  part  swimming 
away  freely,  to  develop  cilia,  and  start  life  as  an  inde- 
pendent organism.  Thus,  in  Yprticella,  a  stalked  In- 
fusorian  (Fig.  7,  B),  the  bell-shaped  calyx  is  seen  at  b 
to  extend  itself  laterally,  this  process  continuing  until, 
as  seen  at  c,  we  have  two  cups  borne  on  the  one  stalk, 
the  primary  cup  having  become  divided  into  two  por- 
tions. Soon  one  or  both  of  these  newly-developed 
forms  become  detached,  and  fresh  ciUa  are  developed 
on  the  inferior  or  stalk  extremity  of  the  bell-shaped 
disc,  the  cup  now  swimming  freely  about  in  the  sur- 
rounding water  {d).  After  continuing  in  this  inde- 
pendent and  unattached  condition  for  a  certain  period, 
the  detached  cup  fixes  itself  to  some  object,  and,  with 
the  development  of  a  stalk  from  the  point  of  attach- 
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xnent^  the  adult  and  perfect  form  of  the  organism  (a  a) 
is  again  assumed.  In  the  second  process  (p\  by  '*  gem- 
motion "  or  '' budding**  a  bud  is  produced  from  near 
the  attached  extremity  of  such  a  form  as  Yoiticella, 
this  bud  beconung  quickly  provided  with  ciliay  and 
detaching  itself,  swims  in  the  water  as  a  firee  organism, 
to  attach  itself  in  time,  and  to  develop  a  stalk,  as  in 
the  fissiparous  mode  of  reproduction.  In  the  third  and 
last  form  of  the  reproductive  process  (c),  by  ^  sexual 
muliiplicaHon^  ova  are  produced  through  the  agency 
of  the  nucleus  and  nucleolus,  the  former  being  sup> 
posed  to  represent  the  ovary  or  female  element,  the 
latter  representing  the  testes  or  male  reproductive 
organ.  The  altered  nucleus  enlarges,  becomes  rounded, 
undergoes  segmentation,  ruptures,  and  gives  origin  to 
ciliated  germs,  which  ultimately  develop  into  true  and 
adult  Infusorial  forms. 

Classificaiion. — The  Infusoria  are  divided  by  the 
number  and  disposition  of  the  cilia  into  three  orders : — 
Order  1.  CUiatcu — ^Ex.  VortieeUa^  ParamoBcium^  etc. 
Order  2.  FlageUata, — Ex.  Peranema, 
Order  3.  Suctoria, — ^Ex.  Acineta. 

Order  1.  CUiata. — The  Ciliate  Infusorians  are  by  fai 
the  most  numerous.  They  are  characterised  by  the 
disposition  of  cilia  generally  over  the  body.  Of  this 
group,  ParamoBcium  (Fig.  7,  A),  Vorticdla  (Fig.  7,  B), 
and  Stentor,  or  trumpet  animalcule  (Fig.  8,  a),  and 
Vaginieola  (Fig.  8,  c),  may  be  cited  as  typical  repre- 
sentatives. 
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VortieeUa  lepreaeitta  ths  fixed  Infosorio,  the  body 
in  this  form  consistiDg  of  a  bell-shaped  calyx,  which 
is  supported  on  a  contractile  stem.  The  animal,  when 
alarmed,  has  the  power  of  coiling  itself  on  its  stalk 
(Fig.  7,  e),  a  moveiueut  effected  by  the  agency  of  a 


B,  Stfnfc*- JTnUarl.  with  lOod-pirtlclu,  DudcDi,  etc ;  b,Pttaiumttihb»iiita, 
■  ni«eIUt«  Infuiorlui ;  e,  Vaetiietia  etyliilUiia;  d,  ^cfutB,  ■  Bnc- 
torlEl  Infuoriuj. 

muBcolai  01  contractile  fibre,  with  which  the  stem  is 
furnished.  The  edge  of  the  disc  is  seen  to  be  fringed 
with  cilia.  In  the  case  of  SterUor,  the  animal  pos- 
sesses the  power  of  detaching  itself  from  the  object  to 
which  it  U  fixed,  and  of  again  fixing  itself  at  wilL 
In  Voffinicola  is  represented  a  fixed  form,  enclosed 
in  a  membranous  eheath,  &om  which  the  technical 
same  of  the  creaturs  is  derived,  and  into  which  the 
animal  can  letisct  itself  at  will. 

Order  2.  FlageGata. — The  members  of  this  group 
are  diaraoterised  by  the  presence  of  "  flagella,"  or  lash- 
Uke  appendages,  by  which  locomotion  is  eflected ;  dlia. 
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in  Bome  instances,  being  found  present  in  addition  to 
these  ''flageUa."  Peranema  (Fig.  8,  b)  will  serve  to 
illustrate  this  order. 

Order  3.  Suctoria, — The  forms  included  within  this 
diyision  are  of  somewhat  undetermined  nature,  their 
lelationB  to  the  preceding  groups  being  as  yet  indefi- 
nite. The  Aeineta  (Fig.  8,  d)  may  be  selected  as  re- 
presenting the  group,  the  members  of  which  are  cha- 
racterised by  the  possession — as  implied  by  the  term 
Sactoria — of  suctorial  tubes,  these  supplying  the  place 
of  the  cilia,  which  in  the  present  instance  are  wanting. 
By  some  observers  Aeineta  is  considered  to  be  but  a 
transitionary  stage  in  the  development  of  Yorticella. 

Closely  allied  to  the  Flagellate  Infusoria  is  the 
NocHluea  mUiaris  (Fig.  9),  to  the  agency  of  which  the 
phenomenon  known  as  the  phos- 
phorescence of  the  sea  is  said  to 
be  in  great  measure  due.  Each 
movement  of  the  vessel  in  the 
dark    causes  a  strange  phospho-  pig. ». 

rescent  gleam  to  appear  on  the  *  Noctiluoa  miuaew. 
surface  of  the  water ;  and  even  the  gentlest  ripple^ 
caused  by  a  passing  breeze,  may  send  the  same  strange 
luminosity  shooting  athwart  the  surface  of  the  sea. 
The  immediate  cause  of  tlus  strange  property  is  said 
to  reside  in  some  electrical  or  analogous  force,  excited, 
as  we  know  it  is  in  the  higher  forms,  by  and  through 
the  agency  of  the  nervous  system. 
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Classifioation  of  Protozoa. 

Class    L  Gregarinida.    £z.  Qregarina, 

Class  II.  Bhizopoda. 

Order  (a)  Amoeibea,    £z.  Amosha, 

Order  (b)  Forarmnifera.    Ex.  Polydomdla, 

Order  (c)  Radidaria,    Ex.  Podoq/riis, 

Class  IIL  Sponoida.    Ex.  Spongilla, 

Class  IV.  Infusoria. 

Order  (a)  Ciliata.  Ex.  Paramoecium, 
Order  (b)  FlageUata,  Ex.  Pigranema. 
Order  (c)  Suctoria.    Ex.  Acineta. 


CHAPTEE  IV. 

CCELENTKIUTA. 

General  Chancters — Classification — Characters  of  the  Hydrozoa 

— Orders  of  Hydrozoa. 

The  Ccdenierata  present  a  marked  advance  on  Pro- 
tozoic  stractore,  and  the  consideration  of  this  sub- 
kingdom  leads  us  to  deal  with  increased  specialisation 
both  of  organs  and  tissues.  The  Ccelenterate  animals 
represent  the  Radiate  division  of  the  older  naturalists ; 
but  from  the  limits  of  the  newer  division,  many  forms, 
classified  under  the  Badiate  type,  have  been  removed 
and  placed  in  another  sub-kingdom  of  recent  construc- 
tion— the  Echinozoa. 

The  term  Ccelenterata  is  derived  from  the  considera- 
tion of  a  special  feature  in  the  morphology  of  the  group, 
the  signification  of  the  name  implying  that,  as  in  the 
higher  division  of  the  order,  the  digestive  sac  and 
general  cavity  of  the  body  are  in  free  communication 
with  each  other.  A  definite  ''  somatic,"  or  body-cavity 
always  exists,  the  symmetry  being  typically  of  the 
radial  kind,  united  with  bilateralism.  The  body-tissues 
of  the  Coelenterata  consist  fundamentally  of  two  layers 
or  membranes,  the  primitive  simplicity  of  which  may, 
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however,  become  more  highly  epeciaJiaed,  mnscnliir 
fibres  being  differentiated  in  the  higher  members  of  the 
group.  To  the  outer  or  more  external  of  these  mem- 
branee,  the  term  "  ectoderm "  is  applied,  the  inner 
layer  being  named  the  "endodenn"  (Fig.  10,  1,  e  d). 


Vertial  KCtien  of  HrdnxooD.  o.  montli ;  b,  (cntaclM :  c.  endodera] ; 
d,  Htodsnn.  t.  Tartdal  Hctlon  of  Aatlnoimn  (Uia  latt«n  icfar  Ui 
th«  coTTHpoDdiag  pirU  Id  flaeh  flgon] ;  i,  iloiruch^K.  8.  TmuTeme 
Hction  of  nTdrORxin.      t.  TnniTeiM  10011011  of  ActlnonoD  ;  *,  mea- 

The  yibratile  filaments,  known  as  "  cilia,"  are  found  on 
both  ectoderm  and  endoderm — the  former  being  most 
generally  fomislied  with  these  organa.  In  the  inqority 
of  Ccelenterata  forms,  numerous  small  yeaioles,  termed 
"  cnidra,"  or  "  thread-cells,"  exist ;  the  function  of 
these  bodies  is  imdoubtedly  that  of  offeimve  organs, 
serving  to  aid  the  prehensile  apparatus  in  the  capture 
of  prey ;  the  stinging  or  nrticating  powera  of  many 
Ccelenterata  being  dne  to  the  presence  of  these  "cnidie." 
No  defined  vascular  system  exists  in  the  Ctelenterata  ; 
and  in  a  few  of  the  higher  forma  only  can  a  mdiment- 
ary  nervous  system  be  discerned. 

In  habits  the  Coalenteiata   are   aquatic,  the   great 
nugority  of  these  animals  inhabiting  the  ooean. 
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Classification, — The  Coclenterata  are  divided  into 
two  classes : — 

Class   L — Htdrozoa. 

Class  11. — ACTINOZOA. 

The  chief  distinctive  feature  between  these  divisions 
is  foand  in  the  possession  of  a  distinct  stomach-sac 
by  the  Actmozoa,  and  in  its  absence  in  the  Hydrozoa. 
A  vertical  section  of  the  body  of  a  Hydrozoon,  as 
depicted  in  Figure  10,  1,  shows  a  simple  body-cavity, 
the  walls  of  which  are  formed  by  the  double  mem- 
brane before  mentioned.  A  similar  section  of  an 
Actinozoon,  however  (Fig.  10,  2),  reveals  the  pre- 
sence of  a  distinct  stomach-sac  («),  differentiated  from 
the  walls  of  the  body,  with  which  it  is  connected  by  a 
series  of  radiating  membranous  plates,  termed  ''la- 
mellte,"  or  ''  mesenteries,"  to  the  faces '  of  which  the 
reproductive  organs  are  attached.  In  the  Hydrozoa, 
on  the  contrary,  the  reproductive  organs  are  external. 
Transverse  sections  of  these  forms  exhibit  the  mor- 
phology of  each  in  still  plainer  manner.  In  such  a 
section  as  at  3,  the  body  of  the  Hydrozoon  appears  as 
a  simple  tube  ;  whilst  in  the  section  of  the  Actinozoon 
(4)  we  have  a  double  tube'— the  outer  circle  correspond- 
ing to  the  section  of  the  body-wall,  whilst  the  inner 
and  contained  tube  («)  represents  the  section  of  the 
stomach-saa  In  this  latter  section,  also,  the  radiating 
mesenteries  (m)  are  also  brought  into  view. 

Class  L  Htdbozoa. — The  Hydrozoa  are  accordingly 
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defined  as  Coelenterata^  in  which  a  digestive  sac  is  not 
specialised  from  the  walls  of  the  body-cayitj.  The 
typical  animal   is  the  Hydra  (Fig.  11,   1,  2,  3),  a 


Fig.  11.  Htdbidjb. 

1.  Hydra  viridU,  attached  to  a  stem  of  duckweed ;  a  young  polype  is  seen 
badding  ftom  the  side  of  the  parent  oigauism.  1  Hydra  fuaca, 
the  long-armed  Hydra.  S.  Bnlaiged  flgoie  of  Hydra  viridis,  ahowing 
tentacles,  ovum  (aX  and  spennatosoic  raoeptacles  (P  h). 

common  fresh- water  polype  of  minute  size,  and  which 
is  found  adhering  to  the  stems  of  duckweed  and  other 
aquatic  plants.  It  is  of  slender  cylindrical  form,  the 
mouth  being  situated  at  the  "  distal,"  or  free  extremity 
of  the  body,  the  term  ^'proximal"  being  applied  to 
the  attached  end  The  mouth  is  surrounded  by  a 
circle  of  tentacles,  or  prehensile  organs,  which  may  be 
short  and  stunted,  or  of  a  considerable  length,  accord- 
ing to  the  species  examined  In  the  long-armed 
species  (Hydra  fusea,  Fig.  11,  2),  the  tentacles  exceed 
greatly  the  length  of  the  body ;  whilst  hi  the  Green 
Hydra  {Hydra  viridia^  Fig.  11,  1)  these  organs  are 
short  and  contracted  By  means  of  the  tentacles,  the 
animalcules  and  minute  oiganisms  on  which  the  crea- 
ture feeds  are  encircled,  and  dragged   towards  the 
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cavity  of  the  mouth — a  function  in  the  perfonnance  of 
which  they  are  considerahly  aided  hy  the  ^'cnidsB/' 
or  **  thread-cells  "  (Fig.  12),  with  which  they  are  ahun- 


Fig.  IS.  CtdDM  (after  Gosse). 

a»  nmad-cell  of  Hpdra  vulgarUf  with  ectborteam  protnided ;  b,  thread- 
oeU  of  Caropki/aia  Smithii;  e,  thread-ceU  of  CorywusUa  AUmani; 
d,  tbread-ceU  oi  WiUrta  tUUaUi ;  e,  thread-ceU  of  Actinia  erasticomit. 

dantly  provided,  and  which  form  so  characteristic  a 
feature  of  the  group.  Each  thread-cell  consists  of  a 
minute  oval  vesicley  bounded  by  distinct  waUs,  con- 
taining fluid,  and  having  coiled  up  in  its  interior  an 
attached  thread,  or  '^  ecthorssum."  Under  pressure, 
or  when  subjected  to  irritation,  the  contained  fluid 
eacapes,  the  filament  or  '' ecthorseum "  being  project- 
ed towards  the  offendiug  body.  In  some  forms,  as 
exemplified  by  the  common  Hydra,  the  thread-cell  of 
whose  body  is  represented  at  a  (Fig.  12),  the  base  or 
attached  X)oint  of  the  filament  is  armed  with  minute 
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Spines ;  whilst  in  other  cases  (Fig.  12,  e)  the  thread 
itself  possesses  a  barhed  or  serrated  margin.  In  all 
probability  some  chemical  or  poisonous  action  is  pro- 
duced by  the  fluid  of  the  cnidsB,  whilst  the  threads 
may  form  the  means  for  its  introduction  within  the 
body  of  the  captured  prey. 

The  mouth,  as  we  have  seen,  leads  directly  into  the 
somatic  or  body-cavity,  which  subserves  in  this  in- 
stance the  function  of  a  digestive  sac.  The  effete 
products  of  digestion  are  expelled  by  the  mouth,  no 
distinct  anal  aperture  being  present 

Although  attached  to  fixed  objects  by  a  defined 
"  hydrorhiza,"  or  root,  the  Hydra  possesses  the  power  of 
detaching  itself  at  will,  and  of  again  fixing  itself  as 
before,  locomotion  being  effected  by  means  of  the 
tentacles,  aided  by  the  hydrorhiza  or  attached  disc, 
the  creature  progressing  by  a  series  of  leech-like  move- 
ments, applying  the  tentacles  and  disc  alternately  to  the 
surface  over  which  it  is  proceeding. 

The  last  feature  worthy  of  notice  in  the  economy  of 
the  Hydra  is  the  remarkable  power  it  possesses  of 
surviving  after  the  infliction  of  what  to  most  animals 
would  prove  fatal  injury.  Trembley  of  Geneva^  about 
the  middle  of  last  century,  performed  many  experi- 
ments on  the  Hydra,  with  a  view  to  ascertain  the 
animal's  reparative  powers;  and  he  found  that  an 
individual  polype  might  be  divided  vertically  or 
transversely,  without  at  all  inconveniencing  the  crea- 
ture, a  new  and  perfect  polype  being  developed  from 
each  portion  of  the  divided  body.    Even  when  turned 
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inside  oat,  like  the  sleeye  of  a  coat,  and  the  inner  mem- 
brane thus  exposed  to  form  the  outer  layer,  the  polype 
appeared  to  be  uninjured  by  the  operation,  as  it  shortly 
resumed  all  the  functions  of  its  life,  adapting  itself  in  the 
most  perfect  manner  to  the  exigencies  of  its  new  position. 
Beproduction  in  the  Hydrozoa  may  take  place  after 
one  or  other  of  two  distinct  fashions,  but  it  must  at  the 
same  time  be  borne  in  mind  that  various  and  compli- 
cated modifications  of  those  primary  processes  exist 
The  first  mode  in  which  reproduction  may  be  effected 
is  by  a  simple  process  of  "gemmation"  or  budding. 
The  common  Hydra,  during  the  warmer  months  of  the 
year,  illustrates  this  first  procesa  A  little  tubercle  is 
first  observed  to  form  on  the  side  of  the  parent-polype, 
and  this  increases  in  size,  developing  in  time  a  mouth 
and  tentacles  at  its  free  extremity,  and  finally  constitut- 
ing a  young  Hydra,  growing  from  the  side  of  the  parent 
organism  (Fig.  11, 1).  The  young  animal,  so  produced, 
may  continue  attached  to  the  parent-body  for  a  period 
more  or  less  long,  and  this  primitive  bud  may  produce 
from  its  body  buds  which  will  in  turn  develop  into 
Hydras  like  unto  itself;  so  that  three,  or  even  more 
generations  of  polypes,  may  be  thus  observed  adhering 
and  connected  to  one  another.  While  in  this  connected 
state  free  communication  exists  between  the  body- 
cavities  of  the  various  polypes,  but  this  communication 
closes  before  the  buds  become  detached,  to  live  a  separate 
existence — an  event  which  happens  sooner  or  later  in 
their  life  history.  The  second  reproductive  process,  in 
which  the  sexual  elements  take  part,  is  intricate  in  all 
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Its  bearings,  and  has  yet  to  be  more  fully  investigated ; 
still  it  serves  in  a  manner,  at  once  strange  and  evident, 
to  connect  together  the  various  and  diverse  groups  and 
forms  into  which  the  class  has  been  divided.  At  the 
one  morphological  extreme  we  have  in  the  Hydrozoa 
the  true  polype-like  forms,  such  as  Serttdaria  (Fig.  16), 
consisting  of  a  common  trunk  or  stem,  serving  to  unite 
the  various  polypes  borne  by  the  branched  extremities 
of  the  axis ;  we  have  thus  a  compound  organism  formed, 
the  ordinary  Zoophytes  serving  as  typical  examples  of 
this  variety  of  form.  At  the  other  extreme  are  placed 
the  Medusiform  Hydrozoa,  of  which  the  Medusa  or 
Jelly-fish  (Fig.  17,  1)  may  be  taken  as  a  typical  repre- 
sentative. These  latter  forms  are  free  and  oceanic  in 
their  habits,  and  thus  apparently  differ  widely  £rom  the 
polype-like  Hydrozoa.  Between  these  extremes  many 
intermediate  forms  undoubtedly  exists  but  the  consider- 
ation of  the  reproductive  process  serves  in  a  very  evident 
manner  to  establish  certain  relations  between  the  mem- 
bers of  the  group.  The  polype-like  forms  increase  by 
budding  like  the  Hydra,  but  the  buds  so  produced  are 
permanent,  and  remain  attached,  to  form  the  compound 
organism  (Fig.  13, 1).  Besides  these  true  and  ordinary 
buds,  containing  the  individual  polypes,  certain  other 
buds  are  at  intervals  developed  in  turn  from  the  ex- 
ternal walls  of  the  organism.  These  buds  appertain  to 
the  reproductive  function,  and  are  termed  ^'  gonophores" 
(Fig.  13,  2,  a,  6,  c,  and  16,  e2).  In  some  instances  these 
gonophores  contain  the  male  reproductive  elements, 
whilst  others  are  devoted  to  the  development  of  the 
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female  element,  these  latter  contaimng  ova.  Hie  pro- 
cess of  repTodnction  by  the  second  procesa,  and  throogb 
the  agency  of  these  pecnliar  leprodactive  bods,  may  thus 
be  briefly  described.  Having  attained  the  acme  of  their 
derelopment,  the  gonophorea  rapture  (Fig.  13,  3,  4), 
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and  their  contents  escape  into  the  snnoimding  water  aa 
minnte,  fteely-swimming,  ciliated  masses  (Sig.  13,  6). 
The  little  embryo  may,  in  some  cases,  continue  in  this 
form  to  live  for  a  time  an  independent  and  unattached 
existence,  whilst  in  other  instances  it  appears  to  assume 
the  form  of  a  rentable  Medusa  (Fig.  17,  1),  famished 
with  the  chaiacteristic  bell-shaped  swimming  disc,  by 
the  alternate  contraction  and  expansion  of  which  it 
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propels  itself  through  the  water.  Many  forms,  at  one 
time  classiiied  with  the  MednsidsB,  have  been  foond,  on 
a  careful  examination  of  their  Airther  deyelopment,  to 
be  merely  the  free  generative  buds  of  other  Hydrozoa. 
After  thus  existing,  usually  for  a  definite  period,  the 
free  ciliated  organism  enters  upon  the  final  stage  of  its 
deyelopmental  process.  It  assumes  a  pyriform  figuro 
(Fig.  13,  6),  and  then  attaching  itself  to  some  fixed 
object  (7),  develops  at  its  free  or  distal  extremity  a 
mouth  and  tentacles,  and  thus  resembles  a  hydra-like 
form  in  appeaiance  (Fig.  13,  8).  As  this  secondary 
development  advances,  the  isolated  organism  grows 
apace,  and  in  time,  by  a  process  of  gemmation  or  bud- 
ding, a  compound  organism  is  produced,  like  unto  that 
from  which  the  ciliated  embryo  first  sprang.  Such 
may  be  regarded  as  an  outline  of  the  reproductive 
process  in  the  Hydrozoa^  modifications  of  which — 
and  frequently  to  a  very  considerable  extent — occur 
throughout  the  various  divisions  of  the  group.  To  the 
above  series  of  phenomena  the  term  *'  alternation  of 
generations  **  has  been  applied.  The  correctness  or  ap- 
plication of  the  term  need  not  hero  be  discussed,  but^ 
as  correctly  understood,  the  processes  involved  under 
the  above  term  show  that  each  generation  alternates 
with  that  which  succeeds  it;  in  other  words,  that  the  re- 
productive elements  of  one  form  become  developed  into  a 
series  of  organisms  entirely  different  from  the  producing 
stock,  whilst  from  the  organisms  thus  produced  forms 
resembling  the  original  individuals  are  evolved.  To  use 
the  homely  simile  of  Ghamisso,  the  ofiEspring  in  either 
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case  lesemble  not  the  parents  bnt  the  grand-parents. 
The  generatiye  Zooids  of  the  oomponnd  polype  resemble, 
in  their  first  stage  of  deyelopment^  not  the  parent- 
ozganisniy  but  bear  a  dose  resemblance  to  free-swimming 
Mednsids ;  whilst  it  is  only  after  the  reproductive  pro- 
cess in  this  second  form  has  been  completed,  that  the 
young  again  resemble  the  polype-like  stock,  and  form 
a  oontinaons  branched  organism. 

Hie  terms  ^  individual,"  and  ^  zodid,"  as  used  in 
xoologioai  science,  therefore,  bear  a  distinct  and  import- 
ant  aigiuficatioiL  Thus,  in  compound  polypes  (such  as 
SeztolariaX  the  entire  organism  constitutes  the  zoological 
individual,  the  separate  polypes  representing  the  in- 
cluded '^  Zooids."  And  in  the  reproductive  process 
juat  described,  two  distinct  elements  are  perceived. 
The  first  of  these  is  represented  by  the  sexless  or 
polype-bearing  organism,  which  can  increase  by  no 
other  process  save  "  gemmation,"  and  the  existence  of 
which  is  devoted  to  the  nutrition  and  growth  of  the 
fonn.  The  seoond  element  is  represented  by  the  gener- 
ative bad,  capable  of  reproducing  the  species  through 
the  evolution  of  a  seemingly  different  form,  and  on  the 
performance  of  the  reproductive  function  the  whole 
eoflfgiee  of  this  latter  form  are  brought  to  bear. 

deunfieaiian. — ^The  class  Hydrozoa  is  divided  into 
seven  orders — 

Order  1.  Hydnda,    Ex.  Hydra. 
Order  2.  Corynidm.    Ex.  Cordylophora. 
Order  3.  Serttdarida,    Ex.  Sertularia. 
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Order  4.  CalycophoridcB.    Ex.  Dipliyes. 
Order  5.  PhyscphoridcB,    Ex.  Yellela. 
Order  6.  MedusicUe,    Ex.  Medusa. 
Order  7.  LucemaridcB.    Ex.  Lucemaria. 

In  describing  the  morphology  of  the  Hjdrozoa,  a 
technical  terminology  is  employed,  and  the  explanation 
of  the  more  important  terms  may  not^  at  the  present 
stage,  be  out  of  place.  In  the  accompanying  figure 
(which  we  have  taken  the  liberty  of  copying  from  Pro- 
fessor  Greene's  able  work  on  the  Co&lenterata),  the 
general  morphology  and  relations  of  the  various  groups 
are  shown.  The  entire  body  of  a  Hydrozoon,  simple 
or  compound,  is  termed  the  "  hydrosoma,"  its  fixed  or 
proximal  extremity  being  known  as  the  "  hydrorhiza.'* 
To  the  alimentary  region,  or  digestive  system,  the  term 
"polypite"  (Fig.  14,  p)  is  applied;  whilst  to  the 
connecting  medium  or  common  trunk  of  the  compound 
forms,  the  name  of  "  coenosarc  "  (c)  is  given.  In  seve- 
ral forms,  exemplified  by  the  SertularidcB  alone,  the 
"  coenosarc  "  gives  origin  to  homy  cups,  in  which  the 
^^polypites"  are  contained,  and  to  which  the  term 
"  hydrothec8B  "  (^)  is  applied.  The  nutritive  element 
of  the  Hydrozoon  is  known  by  the  collective  appella- 
tion of  ''  trophosome,"  whilst  the  generative,  or  repro- 
ductive element,  is  accordingly  denominated  the  ''  gono- 
some." Thus,  the  hydrosoma  of  Sertularia^  with  ordi- 
nary polypites,  constitutes  the  "  trophosome  ; "  the 
generative  buds,  which  are  likewise  produced  on  the 
hydrosoma,  representing  the  "  gonosome.'* 
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Order  1.  Hydridce. — ^This  order  includes  but  one 
genus,  that  of  Hydra  (Eig.  11,  1,  2,  3),  the  structure  of 
which  has  been  previously  described.     The  hydrosoma 


Fig.  14.  MoBPHOLOOT  oy  Htdbozoa  (after  Qreene.) 
L  Hfdrid;  2.  CcryniA;  3.  Strtndarid;  4.  Calycophorid ;  6.  Phygophorid; 
tf.  Mednuid;  7.  lAusemarid.  e,  ooenoearo  ;  f,  pneninatophore,  or  float ; 
k,  taydiotheca ;  n,  nectocalyx  ;  p,  polypite ;  t,  tentacles ;  «,  ninbrella. 

is  simple,  consisting  of  but  a  single  polypite.  The 
Hydiidse  inhabit  &esh  water,  the  most  familiar  species 
being  the  H.  viridis,  H,  vulgaris,  and  H,  fusca. 

Order  2.  CorymdcB, — ^The  forms  included  under  this 
head  are  almost  exclusively  marine.  The  CoiynidsB 
exist  as  simple  organisms,  as  in  Tuhularia  (Fig.  15,  a), 
or  compound,  as  in  Cordylophora,  which  is  the  only  firesh 
water  form  (Fig.  13,  1,  2) ;  the  branched  coenosarc  with 
the  polypites  being  well  exemplified  in  the  present  in- 
stance. The  development  of  Cordylophora,  previously 
described,  is  depicted  in  Fig.  13. 

Order  3.  Sertularidce, — ^This  order  is  represented  by 
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the  well-known  polypes  termed  "  aea-fin,"  or  Seriu- 
laria  (Fig.  14,  3),  and  wMcli  ue  foond  sttached  to  the 
broad  fronds  of  tangle  and  aea-weed  Tonnd  all  our  coasta. 


Fig.  16.  HoBTHOLoaT  or  ConTsnut  u 

a,  TVnUaHa  iiMvlia  ;  i,  VM>anltor1K,iRa  Qone);  c,  FknaHa 
piJafiai  (Ooam). 

The  hydrosoma  is  compound,  the  polypitea  being  en- 
closed within  "hydrothecsa"  (Tig.  16,  A),  the  poasession 
of  which  foTms  a  feature  chGiract«ristic  solely  of  the 
present  order. 

Order  4.  Calya^horidcB.—ThQ  "cup-bearing"  Hy- 
drozoa,  whilst  presentiiig  forma  which  at  first  sight 
hardly  appear  referable  to  the  ordinary  type  of  stmc- 
tare  of  the  class,  nevertheless  show  their  analogous 
atractnre  on  closer  examination.  The  hydrosoma  is,  in 
tiie  present  instance,  free  and  oceanic,  the  animalB 
floating  on  the  soi&ce  of  the  water  by  aid  of  the  "  nec- 
tocalyces,"  or  "  swimming-bells,"  with  which  the  crea- 
ture is  provided  (Fig.  14,  4,  n  n).  The  ccenosaTc,  as 
before,  sopports  the  polypitee  with  the  accompanying 
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tantadw  and  other  organs.  The  form  known  as 
Diphyes,  fonnd  floating  on  Uu  soi&ce  of  the  waixaer 
8MB,  and  presenting  the  most  beaatiM  delicacy  of 
structnie,  typically  lepreeente  the  group. 


Order  5.  Phy»ophe>rld<B. — Of  this  order,  the  VdeUa 
(Fig.  15,  b)  and  Physaiia  (Fig.  10,  e),  or  "Portogaese 
man-of-war,"  may  be  cited  as  typical  examples.  As  in 
the  preceding  groap,  the  forms  are  free  and  oceanic  in 
their  habite,  the  proximal  extremity  of  the  ccenosaic 
expanding  to  form  the  organ  by  the  agency  of  which 
the  Fhysophorid  is  enabled  to  float  on  the  surface  of 
the  water,  and  which  is  known  as  the  "pnenmato- 
phore,"  or  "float"  (Kg.  H,  fi, /).  The  nectocalycee 
(^h^  14,  0,  n  n),  sera  in  the  pieriona  gionp,  are  also 
preaent  in  many  Fhysophoridffi,  The  tentacles,  in 
,  attain  a  great  length,  the  caanomc 
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being,  however,  but  slightly  branched  tbronghoot  the 
group.  In  Pkygalia,  the  pneumatophoie  attaine  a  con- 
siderable size,  the  appearance  of  the  cieatare  when  float- 
ii^on  tiie  water  suggesting  the  &niiliftT  name  byvhich 
this  fonn  is  known. 

In  Vddla,  the  pnenmatophore  beais  a  yeitical  crest, 
the  ccenosaic,  polypites,  and  additional  organs,  being 
concealed  by  the  broadened  form  of  the  float 

Older  6.  MedueidtB. — This  order  includes  the  fami- 
liar "jelly-fishes,"  or  "  sea-blubbers,"  so  frequently  cast 
on  our  shores  by  the  receding  tide.  The  hydroeoma 
coneistB,  in  the  present  instance,  of  hut  a  single  necto- 
calyx  {Fig.  17,  m),  from  the  loof  of  which  the  single 
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polypite  (p)  depends ;  the  nectocalyz  familiarly  repre- 
senting a  bell,  the  polypite  correeponding  to  its  tongne 
or  clapper.  The  nectocalyx  is  traversed  from  its  centre 
to  its  margin  by  fbni  radiating  canals  (a),  springing 
from  the  upper  end  of  the  polypite  as  a  central  point. 
These  canals,  on  which  the  leprodnctiTe  organs  (r)  are 
generally  developed,  open  into  a  droular  Teasel  (m), 
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which  runs  Tound  the  margin  of  the  disc,  the  entire 
apparatus  thus  constituting  a  circulatory  system.  A 
second  and  inner  ^  bell/'  to  which  the  term  "  velum  ** 
is  applied,  is  also  present,  and  is  depicted  in  the  accom- 
panying figure/  The  tentacles  (t  t)  fringe  the  margin 
of  the  nectocalyx,  and  around  the  edge  of  the  bell- 
shaped  disc,  and  situated  at  the  bases  of  the  tentacles, 
certain  bodies,  to  which  the  respective  names  of  "  otolitic 
vesicles,"  and  ''pigment-spots,"  or  "ocelli,"  are  applied, 
have  been  found.  These  "otolitic  vesicles"  consist 
each  of  an  oval  cell  or  cyst,  containing  particles  of  solid 
mineral  matter,  and  to  this  body  the  auditory  or  hear- 
ing sense  has  been  assigned,  whilst  the  small  masses 
of  coloured  matter  or  pigment  have,  in  like  manner, 
been  regarded  as  rudimentaiy  eyes. 

The  MedusidaB  very  generally  possess  the  faculty  of 
producing  stinging  or  urticating  sensations,  this  power, 
in  all  probability,  residing  in  the  thread-cells  with 
which,  in  common  with  most  Coelenterata,  they  are  fur- 
nished. Indeed,  some  of  the  larger  species  sting  so 
fiercely,  that  serious  effects  have  been  noticed  as  result- 
ing from  contact  with  the  tentacles.  With  other  or- 
ganisms, the  MedusidsB  apparently  possess  the  power  of 
caufling  the  peculiar  phenomena  before  alluded  to,  and 
known  as  the  "  phosphorescence  of  the  sea." 

Order  7.  Lucemaridce, — ^This  last  order,  represented 
by  the  Lucemaiia  (Fig.  17,  2),  is  distinguished  by  the 
lower  portion  of  the  polypite  being  modified  to  form  a 
cap-shaped  disc,  known  as  the  "  umbrella,"  and  which 
IB  capable  of  being  folded  or  expanded  at  the  will  of 
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the  animal.  The  hydrorhiza  is  not  permanentlj  at- 
tached to  fixed  objects,  but  can  be  detached,  and  again 
refixed,  as  in  Hydra  itsell  The  mouth,  representing 
the  distal  extremity  of  the  polypite,  is  situated  in  the 
centre  of  the  cup-shaped  body,  the  tentacles  being 
arranged  in  definite  series  around  the  margin  of  the 
umbrella.  Within  the  cup  a  series  of  radiating  canals 
exists,  an  arrangement  resembling  in  all  essential  points 
the  similar  system  in  the  Medusid».  The  Lucemaria 
is  a  small  form,  occurring  around  our  coasts.  It  ordi- 
narily attaches  itself  to  sea-weed,  etc.,  detaching  itself 
at  pleasure.  At  2,  Fig.  17,  the  Lucemaria  is  depicted 
in  its  fully  expanded  condition.  The  oceanic  forms  of 
LucemaridflB  form  large  Medusiform  bodies,  the  discs, 
in  some  instances,  measuring  three  to  four  feet  in 
diameter.  The  Bhissostcmidm  typically  represent  the 
latter  forms. 

In  their  development,  certain  members  of  this  group 
present  characteristic  examples  of  the  phenomena  to 
which  the  term  ''  alternation  of  generations''  has  been 
collectiyely  applied,  the  ovum  freely  swimming  at 
first  as  an  oval,  flattened,  ciliated  disc,  known  as  the 
''Planula"  (Fig.  18,  a).  This  primitive  body  next 
attaches  itself  to  some  fixed  object  (&),  developing^  in 
turn,  a  mouth  and  tentacles,  and  resembling  in  all 
essential  points  the  ordinary  Hydra  (e  d),  the  or- 
ganism being  in  this  stage  known  as  a  '^  Hydra  tuba," 
In  this  condition,  also,  it  may  give  rise  to  buds,  the 
process  of  gemmation  being  carried  on  as  in  Hydra. 
The  organism  may  contiuue  in  this  stage  of  its  exist- 
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ence  foi  a  period  extending,  In  some  cases,  it  is  said, 
over  ft  number  of  years,  the  final  phases  of  its  exist- 
ence beii^  oshered  in  by  the  transTerse  marking  and 
division  of  the  hydia-like  stem  (e).    The  term  "  Scy- 
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pbistoma"  is  applied  to  this  stage  of  the  development, 
the  form,  when  first  observed,  being  regarded  as  a  new 
and  distinct  creatnre.  The  transverse  markings  soon 
deepen  in  intensity,  the  edges  of  the  divisions  becom- 
ing farther  notched  and  senat«d  {/},  until  the  entire 
organism  has  been  not  inaptly  eompaied  to  "  a  pile  of 
jagged  sauceta  placed  upon  one  another,  and  snr- 
mounted  by  a  crown  of  tentadea"  In  this  condition 
tlie  organism  is  known  as  the  "Strobila."  The  ten- 
tacles now  b^in  to  fall  away,  and  the  already  divided 
stem  sepantes  into  variona  disc-shaped  bodies,  or 
"Zphyne"  (?),  which  swim  about  fteely,  and  resemble 
Medoste  bo  closely,  that  the  &ee  segments  were  at  first 
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described  aa  a  new  genus  of  Mednaid^B.  Aftoi  some 
further  dianges,  however,  the  "  Ephyia"  develops  the 
true  cbaracters  of  the  Luceraarid,  from  which  the  fer- 
tilised ovum  fint  spnng. 
OraptdiiUe. — The  GraptoHtes  (Fig.  19,  a  b)  repreeent 
an  extinct  group  of  Hydrozoa, 
uly  allied  in  atructure  to, 
and  poasesaing  lelations  with, 
exiating  Sertularidas.  They 
form  foaails  characteristic  of 
the  most  ancient  (Paheozoic) 
period  in  our  earth's  geol<^- 
cal  histoiy,  and  their  frequent 
occurrence  in  the  rock-sys- 
u-  teiiis  of  that  epoch  is  indica- 
tive of  a  correspondingly  great  development  of  Uydro- 
zoal  life  in  the  ancient  seas  of  that  period. 


CHAPTER  V. 

CCELENTBRAT  A— (  Oontinuect). 

Class  IL  Actinozoa. 

General  Characters — daflaification — Zoanthariit— Alcyonaria— 

Rngoea — Ctenophora. 

The  Actmozoa,  fonoing  the  second  division  of  the 
Coelenterate  sub-kingdom,  is  represented  by  the  sea- 
anemones,  coials^  and  allied  forms.  The  Actinia  (Fig. 
21,  a  6)  is  selected  as  the  typical  representative  of  the 
group.  A  stomach-sac  is  now  found  differentiated 
from  the  general  cavity  of  the  body,  this  advance  in 
specialisation  constituting,  as  previously  noticed,  the 
principal  distinctive  feature  between  the  Actinozoa  and 
Hydroxoa.  The  tendency  to  differentiation  of  tissues 
is  also  noticed  in  the  separation  and  development  of 
distinct  muscular  fibres.  The  thread-cells  and  cilia 
found  so  generally  throughout  the  Hydrozoa  are  also 
common  to  the  present  group.  The  Actinia  presents  a 
simile  enou^  body  for  examination,  the  animal  ap- 
pearing as  a  shortened  cylinder,  at  the  superior  or  £ree 
extremity  of  which,  the  mouth,  surrounded  by  numer- 
ous tentacles,  is  situated.  The  latter  organs  are  placed 
in  alternate  rows,  and  are  abundantly  supplied  with 
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Order  3.  Rugoea. 
Order  4.  Ctmophora. 

Tlie  Rugoea,  forming  an  extinct  group,  are  repre- 
Bented  by  certain  coials. 

Order  1.  ZoatUharia. — The  Zoautharia,  generally, 
are  dlBtinguished  by  having  their  tentacles  and  soft 
parts  arranged  in  mnltiples  of  five  or  six,  and  by  the 
simplicity  of  the  former  organs.  The  order  is  divided 
into  three  subordinate  groupe,  characterised  by  the 
presence  or  absence  of  coral  etracture,  and  by  its 
variety  when  present 

Snb-order  (a).  Zoaniharia  Malacodermata. — The 
"soft-skinned"  Zoanthaiia  are  typically  represented 
by  the  Actinidm,  or  sea-anemonea  (Fig.  21).     No  de- 


a,  Eipuded ;  b,  cOEitnuitM. 


fined  coral  structure  exists  in  the  present  instance,  the 
"  ActinoBoma,"  or  entire  organism,  consisting — with 
the  exception  of  the  Zoatitkidw—ot  bnt  a  single  and 
simple  polype. 
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Of  the  ActinidcB  many  examples  are  found  on  the 
Britiah  coaBts,  their  beautifol  appearance,  when  ex- 
pandedy  snggeating  the  popular  name  of  ''  sea-flowers/' 
When  contracted,  and  the  tentacles  drawn  within  the 
oral  aperture,  the  animal  presents  a  somewhat  conical 
mass.  The  ZoanthidcBf  representing  another  family, 
resemble  small  anemones ;  the  actinosoma  in  the  latter 
case  being  compound,  and  consisting  of  a  few  polypes, 
united  by  a  common  basal  coenosarc. 

Sub-order  (b)  ZoarUharia  sderodermata, — As  the 
term  ''  hard-skinned"  implies,  the  members  of  this  divi- 
sion are  characterised  by  the  possession  of  a  coral 
structure,  to  the  nature  and  relations  of  which  we 
must,  in  the  next  place,  direct  attention.  If  we  sup- 
pose the  sea-anemone  to  possess  the  power  of  secreting 
calcareous  or  limy  material,  which  in  some  cases 
would  appear  as  an  external  or  exo-skeleton,  and  in 
other  instances  as  an  internal  or  endo-skeleton  ;  and  if 
we  further  suppose  that  such  a  creature  could  increase 
by  gemmation  or  budding,  like  the  Hydra,  the  buds  or 
polypes  so  produced  remaining  to  form  permanent  and 
essential  parts  of  the  organism,  we  shall  have  a  some- 
what rough  and  ready,  but  sufficiently  clear,  idea  of 
the  nature  and  relations  of  the  coral-producing  polype& 
The  term  "corallum,"  or  "coral,"  is  employed  to 
designate  this  structure,  of  which  two  principal  varie' 
ties  arQ  to  be  distinguished.  The  first,  or  "  Sclero- 
dermic "  variety,  is  secreted  within  the  organism,  and 
is  thus  a  true  'Hissue-secretion ;"  the  '' Sclerobasic," 
framing  the  second  variety,  on  the  contrary,  is  secreted 
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bj  the  out«F  Bkin,  or  invntiiig  niembnne  of  the  bod;, 
and  IB  thos  eomewhat  uutlogons  to  an  exo-ekeleton, 
such  as  the  shell  of  cnutaoes. 

As  the  Sclerodeimic  vuiety  constitutes  the  Epical 
Icind  of  ooraUum,  and  as  its  description  inTolres  a  coa- 
ridention  of  the  most  important  and  essential  featoras 
of  the  Btractnre,  attention  must,  in  the  first  place,  be 
duected  to  this  variety. 


Flg.Il. 
1.  Terttetl  Section  of  Bcltrodarmle  Conlllte  (iflar  Eiui1<t). 
b  b,  tcDUcln ;  c,  •tomuli ;  d,  Intcr-mcMnteric  ehunba ;  i 
/,  Kptiun ;  f,  endadarm ;  \  splUisn ;  Ji,  Una ;  ■>,   p 
oolnmeltA :  n^  dluepbnenla ;  p,  taboU ;  r,  sclcAb* 
t,  octodnTD.    i  TniiiTeneB«tlaBOtttHmnt(tlM  munrcnirtoiB* 
oormpondliic  put)  Id  ueh  Dgon);  tmt.  Imperfect  ndil  or  "paU.' 

In  Fig.  22  diagraminatio  sectims  of  the  Sclero- 
dermic conllnm  are  depicted.  The  Sclerodennic  ooral- 
lom  is  secreted  by  the  "eoderan"  or  inner  of  the  two 
layers,  into  which  the  "ectoderm"  (t)  is  divided,  and, 
according  to  the  nature  of  the  organism,  may  be  simple 
or  Gomponnd,  oonmsting,  in  the  latter  case,  of  savenl 
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^' CoTallites,"  connected  by  a  common  substance^  or 
**  coenenchyma''  («).  The  coiallum  farther  occupies  the 
lower  portions  only  of  the  polypes ;  the  upper  portion 
of  each  polype  being  more  or  less  free  from  the  coral 
secretion,  and  corresponding  in  every  detail  to  the 
structure  of  the  typical  Actinozoon  already  described. 
An  outer  wall  of  corallum,  surrounding  the  polype,  and 
termed  the  ''theca"  (k),  is  first  to  be  noticed;  the 
**  theca"  terminating  superiorly  in  a  cup-shaped  depres- 
sion, to  which  the  name  of  "calice"  is  applied.  A 
central  pillar  or  "  columella"  (m)  runs  in  the  vertical 
axis  of  the  structure,  and  from  the  "  columella ''  as  a 
centre  to  the  theca,  a  variable  number  of  radiating 
partitions  or  *"  septa"  (/)  dividing  the  intervening  space 
into  "loculi"  or  chambers,  is  observed.  These  "septa'' 
correspond  in  position  and  relation  to  the  "  mesenteries'' 
of  the  typical  Actinozoon,  or  of  the  polype  under  con- 
sideration, as  seen  in  the  upper  part  of  the  figure  (e), 
unoccupied  by  coralluuL  The  septa  are  further  analo- 
gous with  the  "  mesenteries,"  in  that  they  also  exhibit 
variations  in  size  and  length,  the  more  perfect  being 
attached  to  the  columella,  >and  corresponding  to  the 
'*  primary"  mesenteries ;  whilst  the  less  perfect  "  pali" 
are  analogous  to  the  '^  secondary"  or  "  tertiary"  mesen- 
teries. Certain  other  partitions,  dividing  the  structure 
transvenelj/y  also  exist.  The  larger  of  these,  termed 
**  tabulas"  (/>), — and  characteristic  principally  of  extinct 
corals^ — extend  completely  from  side  to  side,  whilst 
the  shorter  partitions  or  '*  dissepiments"  (n),  springing 
from  the  sides  of  the  '^  septa,"  also  divide  the  '*  loculi," 
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but  in  a  less  complete  manner  than  th6  tabole.  Trans- 
versely viewed,  we  have  aiwheel-llke  structure  presented 
for  consideration,  the  rim  of  the  wheel  corresponding, 
so  far  as  the  corallum  is  concerned,  to  the  "  theca" 
(2,  k)y  the  nave  of  the  wheel  to  the  "  columella"  (m), 
whilst  the  perfect  spokes  (//)  represent  the  complete 
"  septa,"  the  imperfect  radii  or  "  pali"  (xxxz)  corre- 
sponding to  the  secondary  and  imperfect  partitions. 
Springing  £rom  the  ''septa,"  the  transversely-placed 
^  dissepiments"  (n  n  n  n)  are  also  seen.  Lastly,  the 
common  coral  substance  by  which  the  various  ''  coral- 
lites  "  are  united,  is  termed  the  "  coenenchyma"  (1,  «), 
this  structure  corresponding  to  the  "coenosarc,''  or  com- 
mon medium  by  which  the  polypites  of  the  compound 
Hydrozoa  are  imited  together.  Examples  of  Sclero- 
dermic Corals  are  found  in  the  Tubipora  mudca  or 
organ-pipe  Coral  (Fig.  26,  a) ;  whilst  the  Bed  Coral  of 
commerce,  and  the  Isia  or  Mare's  Tail  Coral^  depicted 
at  Fig.  26,  b,  offer  examples  of  the  Sclerobasic  variety, 
which  usually  exists  as  a  more  or  less  solid  internal  trunk 
or  axis,  variously  branched  or  dividjed,  and  covered  by 
the  soft  coenosarc  or  common  and  investing  flesh.  The 
Sclerobasic  corallum  is  secreted  by  the  aider  surfaces  of 
the  polypes,  the  position  of  the  surfaces  being,  however, 
reversed,  and  the  true  outer  surface  appearing  as  an 
internal  one ;  or,  to  use  the  explicit  words  of  Professor 
Greene,  "  the  Sclerobasic  corallum  is  in  fact  outside  the 
bases  of  the  polype  and  their  connecting  coenosarc, 
which,  at  the  same  time,  receive  support  from  the  hard 
axis  which  they  serve  to  conceaL     Thus  the  coenosait 
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of  these  Corals  appears  as  a  soft  fleshy  covering,  ^m 
irbich  the  several  polypes  arise,  their  somatic  cavities 
freely  communicating  one  with  another." 

In  Fig.  26,  by  the  relation  of  parts  in  the  Isis  is 
well  seen,  the  polypes  being  borne  by  the  external 
ccenosarc,  the  inverted  outer  surface  secreting  the  cen- 
tral and  internal  skeleton. 

In  texture  and  composition  the  coral-secretion  varies 
greatly,  ranging  from  a  great  degree  of  hardness  to  a 
homy  and  flexible  consistence.  In  the  Madrepores 
and  Bed  Coral  the  former  variety  is  exemplified.  In 
the  Oorgonidce,  represented  by  the  Sea-fJEUis,  the  corallum 
is  corneous  or  homy ;  whilst  in  Isis  it  is  composed  of 
alternate  corneous  and  calcareous  joints.  The  Madre- 
pores {MadreporidcB),  and  the  Star  and  Brain  Corals 
{AHrmidm^  Meandrina),  which  find  a  place  in  every 
museum,  present  familiar  examples  of  the  Zoantharia 
Sderodermata,  and  at  the  same  time  exemplify  the  best 
known  of  the  reef-building  forms.  The  geologist  ranks 
the  coral-producing  polypes  among  the  most  important 
of  the  organic  agencies,  which  tend  to  modify  and  alter 
the  crust  of  the  globe.  The  South  Pacific  Ocean,  the 
coaists  of  Australia,  and  the  adjacent  lands,  form  the 
chief  scenes  of  the  labours  of  the  coral  polypes ;  the 
geographical  distribution  of  these  forms,  however,  ex- 
tending over  a  large  area  of  the  southern  portion  of  our 
globe.  A  certain  temperature,  said  to  be  not  lower 
than  66^  F.,  appears  to  be  requisite  for  the  due  develop- 
ment of  the  typical  forms,  and  they  are,  accordingly, 
found  in  greatest  profusion  in  southern  latitudes. 
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Three  kinds  of  coral-reefs  are,  according  to  Mr. 
Darwin's  classification,  to  be  distinguished,  each  variety 
at  the  same  time  representing  a  stage  in  the  formation 
of  the  typical  and  complete  stmcture.  The  first  form 
of  reef  is  known  as  a  fringing-reef,  and  is  so  named 
because  it  skirts  or  borders  the  original  coast-line  of  a 
country.  Fringing-reefs  are  never  situate  in  any  great 
depths  of  water,  the  soundings  on  their  seaward  aspect 
showing  depths  averaging  about  25  fathoms. 

The  barrier-reef  is  separated  from  the  land  by  a  strip 
of  water,  varying  greatly  in  breadth,  the  depth  of  this 
intervening  channel  being  comparatively  slight,  whilst 
the  soundings  on  its  outer  or  oceanic  side  reveal  a  veiy 
great  depth  of  sea. 

The  third  kind  of  reef  is  known  as  an  atoll  or  lagoon 

reef,  and  presents  a  highly  characteristic  form.     The 

atoll  exists  as  a  circular  ring  or  belt  of  coral-structure, 

enclosing  a  sheet  of  still  water,  termed  a  ''lagoon," 

the  lagoon  usually  communicating  by  a  narrow  channel 

with  the  outer  ocean. 
« 

The  first  requisite  for  the  development  and  life  of  the 
coral  polypes,  as  we  have  seen,  is  a  certain  temperature 
of  sea ;  and  a  second  condition  of  life  is  found  in  the  &ct 
that  the  true  reef-building  corals  cannot  exist  at  a  greater 
depth  than  £rom  25  to  30  fathoms.  And  the  solution  of 
the  problem  thus  presented — ^namely,  the  erection,  in 
consistency  with  this  latter  fact,  of  coral-reefs  rising  from 
unfathomable  depths  of  sea — was  a  matter  which,  until 
the  promulgation  of  Mr.  Darwin's  theory,  received  no 
satisfactory  explanation.    This  theory,  now  universally 
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accepted,  involyes  the  consideration  of  the  phenomena 
known  as  the  elevation  and  depression  of  land,  and  on 
the  dae  appreciation  of  this  series  of  physical  changes 
rests  the  satisfactory  explanation  of  the  erection  of 
coral-reefs.  A  Mnging-reef,  accordingly,  is  one  which 
indicates  a  stationary  condition  of  the  land,  the  margins 
of  which  it  fringes.     The  barrier-reef,  in  like  manner, 


Fig.  23.  FoAMATioN  OF  Cobal-Rbeto. 

a.  Original  Uad  ;  5,  Conl  stractoie ;  o.  Sea  and  sea-leveL    The  capitals, 
X  T  Z,  refer  to  fhe  Tarioos  and  correeponding  atagea  in  the  process. 

evinces  the  active  and  continuing  depression  of  the 
land ;  whilst  the  atoll,  completing  the  series,  indicates 
the  total  subsidence  of  original  soiL  Thus,  by  a  refer- 
ence to  Fig.  23,  the  import  of  these  stages  will  be 
rendered  intelligible.  At  1,  Fig.  23,  we  have  a  section 
of  a  firinging-reef,  the  primitive  land  being  represented 
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at  a,  the  coral  structure  at  b,  and  the  sea-level  at 
e.  The  coral  polypes  have  thus  constructed,  at  a 
suitahle  depth  for  themselves  (25  to  30  fathoms),  on  the 
sides  of  the  supposed  island  (a),  the  j&inging-reef  (b  6). 
But  the  Iand|  in  accordance  with  the  theory,  hegins 
gradually  to  suhside,  and  the  polypes,  heing  carried 
heyond  their  depth,  perish  and  die ;  those  at  the  upper 
portion  of  the  structure  still  and  ever  continuing  to 
produce  other  polypes,  and  so  to  build  upwards,  until 
we  have  the  barrier-reef  formed  (2),  enclosing  a 
channel  of  water  (c  c)  between  itself  and  the  original 
land,  the  depth  on  the  ocean  or  seaward  aspect  of  the 
barrier-reef  being  consequently  veiy  great  Still  the 
subsidence  continues,  and  depression  goes  on,  until,  like 
a  dethroned  monarch,  the  original  land  has  disappeared 
in  the  deep.     Meanwhile,  the  operations  of  the  polypes 

m 

have  kept  pace  with  the  depression,  and  new  growths 
have  been  deposited  as  the  older  series  died,  and  were 
carried  downwards,  until  there  rises  £rom  the  old  for- 
gotten land  a  new  and  wondrous  structure.  A  section 
of  the  atoll  (3),  therefore,  reveals  a  correspondingly 
characteristic  appearance,  the  submerged  land  being 
now  viewed  below  the  sea-level,  and  on  each  side  (seen 
in  section),  but  in  reality  encircling  the  land,  we  have 
the  ring  of  coral-structure  (6),  enclosing  the  lagoon  (c) 
or  atoll ;  the  typical  form  of  the  atoll  being  thus  due 
to  the  peculiar  circumstances  of  its  erection.  The  final 
stages  in  the  completion  of  the  work  consist  in  the 
formation  of  a  soil  from  sea^ weeds  and  decaying  vegeta- 
tion, which  may  drift  upon  the  reef,  and  the  germination 
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of  plants  from  seeds  borne  thither  by  the  winds,  the 
lozariance  of  vegetation  on  these  reefs  being  un- 
equalled in  any  other  part  of  the  globe.  The  theory, 
as  it  at  present  stands,  inyolyes  therefore  two  elements ; 
the  first  a  physical  one,  represented  by  the  phenomena 
of  the  elevation  and  subsidence  of  land ;  the  second  a 
physiological  element,  included  in  the  conditions  under 
which  the  coral-polypes  can  only  exist;  these  condi- 
tions being  represented,  firstly,  by  a  certain  temperature, 
and  secondly,  by  a  limited  depth  of  sea. 

Of  the  time  required  for  the  necessary  physical 
changes,  and  for  the  consequent  growth  of  the  coral- 
structures,  only  a  feeble  idea  or  approximation  can  at 
best  be  given,  since  geology  possesses  but  a  relative 
chronology.  This  much,  at  aU  events,  is  certain,  that 
such  physical  actions  take  place  by  slow  and  impercep- 
tible degrees, — so  gradually,  indeed,  that  our  ordinary 
notions  of  time  are  inadequate  to  fitly  express  the  rela- 
tions of  the  action  to  the  period  required  for  its  accom- 
plishment. The  entire  series  of  phenomena  included 
under  the  present  subject,  forms  an  important  link  in 
the  chain  of  evidence  to  be  adduced  in  favour  of  the 
antiquity  of  our  earth,  and  of  the  similarity  and  uni- 
formity of  natural  action  which  has  existed  from  the 
beginning  of  time. 

Sub-order  (c)  Zoantharia  sclerobasica. — The  rela- 
tions of  this  group,  being  but  imperfectly  determined 
do  not  call  for  special  notice.  The  AntipathidcB  and 
HyalonemadcB  or  ''  Glass  Zoophytes "  are  the  two 
families  included  within  its  limits.    The  corallum  is 
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Bclerobasic,  and  the  tentscles  are  arranged  in  mnltdplea 
of  six. 

Order  2.  Aleyonaria. — The  Alcyoninm,  or  "  Dead- 
man'a-fingei"  polype  (Fig.  S4),  forma  the  typical  repre- 
sentatiTe  of  this  group,  the  membera  of  which  an,  with 
a  allele  and  indefinite  exception,  of  componnd  atractme, 
the  polypes  being  united  by  a  common  flesh  or  "cceno- 
aarc"  The  tentacles  are  Mnged  in  a  pinnate  or 
father-like  manner,  these  O^ans,  together  with  the  soft 


Fig.  M.  UomnrauKiT  or  Auttobisu. 

a.  Mm  of  Stcfmivn  dfriloltm.  ibovliig  the  poljpM ;  k,  llnglt  poljpa 

miguilM,  (baoliig  the  plnnito  Mntocla*. 

parts,  being  arranged  in  multiples  of  four.  A  corallum, 
which  in  the  m^ority  of  cases  u  of  the  sclerobasic 
variety,  occois  generally  throughout  the  group. 

(a),  Family  AlcyonidcB. — Of  this  &mi]y  the  Alcyo- 
ni'um  (Fig.  24)  may  be  taken  as  the  repreeentativ& 
The  oTganism  is  found  attached  to  shells  and  other 
subetences,  and  appears  as  a  soft  fleshy  mass  ;  ito  d^- 
tste  appearance  si^gesting  the  familial  names  of  "Cow's- 
paps,"  "Dead-man's-fingere,"  and  the  liko.     When 
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diatended  with  water,  the  amall  polypes,  eadi  posaesaiiig 
the  chaiscterutio  circlet  of  e^ht  pimiate  tentacles,  are 
to  be  diBtincUy  lecognised  protruding  their  bodies  trom 
the  geoeral  ctmoearc.  At  Jig.  2i,  b,  an  indiTidiul 
polype  la  represented.  A  peculiar  ayetem  of  canala,  by 
means  of  which  a  constant  circulation  of  water  is 
maintained  throughout  the  entire  OTganiam,  has  been 
obaerred. 


a,  pBualula  gliatrtprm;  b,  nrgtiaria  inlniMIif , 


Calcareous  spiculs  scattered  throughout  the  dBnoesrc 
represent  the  corallum  of  this  family. 

(b).  Family  PetmattilidfB. — ^The  "Sea-pen"  family  is 
tyiHcally  represented  by  the  organism  familiarly  known 
by  that  name,  and  scientifically  as  the  Permatuia  (Fig. 
2S,  a).  The  organism  consLsts  of  a  main  stem,  bearing 
lateral  branches,  the  polypes  being  borne  on  these 
lateral  pinnn.  The  proximal  extremity  of  the  stem  is 
destitnte  of  pimue,  the  Fennatnla  attaching  itself  by 
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this  fleshy  part  to  the  soud  or  mud  of  the  sea-bottom. 
The  coiallam  is  aclerobasic.  To  the  Permatvlida  also 
beloDgB  the  Virgidaria,  or  Sea-rod  (Fig.  25,  b  e),  so 
named  fiom  its  slender  rod-like  appearance.  The 
polypes  are  home  on  lateral  piocessee  of  small  size. 

The  Fennatulida,  in  common  with  forms  preTiously 
noticed,  posaesa  the  faculty  of  causing  at  night  a  phos- 
phorescent light.  From  the  fact  of  its  possessing  thia 
power  to  a  remarkable  extent,  one  apeciea  has  received 
the  diatinctive  name  ai  phosphorea  (Fig.  25,  a). 

(c),  Family  Tubiporida. — This  bmily  includes  bat  a 
single  genn^  the  well-known  TuUpora  munca,  or 


"Organ-pipe"  Coral  (Fig.  26,  a).  The  Scleiodermic 
corallum  is  somewhat  modified  in  the  present  instance, 
the  "thecffi"  being  connected  by  horizontal  platea 
(epithece),  and  septa  being  absent  £ach  theca  is  i«- 
presented  by  a  simple  tube,  containing  the  polype, 
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which  is  of  a  light  gieen  colour,  and  thus  presenting  a 
striking  contrast  to  the  coral  structure,  this  latter 
heing  coloured  crimson-red.  The  polypes  possess  the 
power  of  withdrawing  themselves  within  the  tubes 
when  alarmed  or  irritated. 

(d),  Family  OorgonidcB, — The  last  fiamily  of  the 
Alcyonaria  includes  the  Sea-fans  (Gorganta)^  sjid  Bed 
Coral  {CoraUium  rubruvfi)',  the  sclerobasic  corallum 
being  in  the  present  instance  typically  developed.  The 
Gorgonidffi  are  usually  branched  in  form,  and  are  firmly 
rooted  by  the  lower  or  proximal  extremity.  The  coral- 
lum may  be  corneous  or  homy,  as  in  Gorgonia ;  homy 
and  calcareous,  as  in  his  (Fig.  26,  &) ;  or  calcareous  and 
of  very  hard  consistency,  as  in  the  Bed  Coral  The 
Bed  Coral  is  much  valued  on  account  of  its  great  hard- 
ness, which  renders  it  susceptible  of  receiving  a  high 
polish.  The  investing  coenosarc  is  of  a  crimson  colour, 
and  through  apertures  in  the  flesh  the  eight  Mnged 
tentacles  of  the  polypes  are  protmded.  The  Bed  Coral 
is  confined  in  its  distribution  to  the  Mediterranean  Sea, 
and  principally  to  the  eastward  coasts  of  the  sea.  The 
coral-fishery  is  carried  on  by  means  of  boats,  furnished 
with  heavily  weighted  nets,  these  latter  being  dragged 
across  the  sea-bottom,  and  in  their  passage  breaking  off 
the  stems  of  coral^  which,  being  entangled  in  the  nets, 
are  thus  secured.  As  the  growth  of  this  coral  takes 
place  but  slowly,  strict  laws  are  in  consequence  said  to 
be  imposed  on  the  coral-fishers,  who  are  thus  forbidden 
to  visit  the  same  localities  too  frequently,  and  stated 
periods  being  enacted  for  their  visitations. 
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Order  3.  Ragosa, — ^The  Kugosa  are  represented  solely 
by  extinct  coralline  forms.  The  corallum  appears  to 
have  been  sclerodermic,  and  the  parts  to  have  been 
arranged  in  multiples  of  four.  The  presence  of  com- 
plete transverse  partitions,  or  *^  tabnlsd,"  also  appears  to 
have  formed  a  characteristic  feature  of  Eugose  corallitea. 
The  order  is  supposed  to  occupy  an  intermediate  position 
between  the  two  preceding  divisions. 

Order  4.  CtenqpJiora, — ^This  order  forms  the  last  and 
highest  of  the  class.  The  Otenophara  are  so  named  from 
the  possession  of  bands  of  cilia,  or  ''  ctenophores,"  ar- 


Fig.  S7.  Otshopbora. 
a,  CetfvM  Vtnerit;  h,  Plewnbraekia  pUeuM, 

ranged  in  comb-like  plates.  There  is  no  corallum,  and 
thread-cells  appear  to  be  very  generally  present.  The 
animals  comprised  within  this  group  are  free  and  oceanic 
in  their  habits  :  they  are  of  transparent  and  gelatinous 
constitution,  and  thus  present  a  marked  contrast  to  the 
preceding  groups. 

In  many  respects  the  structure  of  the  Ctenophoia 
indicates  a  marked  advance  on  the  ordinary  Actinozoic 
type.  In  form,  a  wide  diversity  is  apparent  between  the 
members  of  this  group:  the  PUurobraehia  (Fig.  27,  b\ 
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exemplifying  the  spheric  shape;  whilst  the  Cesium 
Veneris  (Fig.  27,  a),  or  "  Venus's  girdle,"  exhibits  a 
band-like  appearance. 

The  fonner  may  be  taken  as  a  typical  example  of 
the  groap,  the  stnictoral  relations  of  which  have  yet  to 
be  thoroughly  investigated.  Externally,  Pleurobrachia 
presents  for  examination  a  spherical  body,  at  one  pole 
of  which  the  mouth  is  situated  (Fig.  28,  a) ;  the  oppo- 
fdte  pole  being  termed 
"  apical/'  in  contradistinc- 
tion to  the  "oral"  extre- 
mity of  the  body.  Eight 
bands  or  "  ctenophores," 
bearing  dlia  arranged  in 
eomb-like  tufts,  arise  from 
the  neighbourhood  of  the 
oralaperture,and terminate    ^-  ^'  i>'^o«^  <>'  ctenophorb. 

A.^-    u       •     ii»       1     j.i_     a.  Month;  &,Ut;omach;  e,  inftindiba- 
near  the     apical    pole,  the       lum ;  d.  ctenocyst ;  e  «,  sacs  of  fcenta- 

body   being   thus    divided       cle ;//.  tentacles  ;(^(,  radial  canals; 
*'  ^  h,  ctenophoral  canal ;   kk,   apical 

into  a  number  of  CreSCentic       canals ;  m  m,  paragastric  canals. 

spaces.  Two  long  and  flexible  tentacles  (//),  fringed  with 
vibratile  cilia,  and  capable  of  being  quickly  retracted 
within  special  cavities  or  sacs  {e  e)  situated  at  their  origin, 
stretch  away  £rom  the  sides  of  the  mouth,  which  opens 
inferiorly  into  a  stomach  (b).  This  organ  is  furnished,  at 
its  lower  extremity,  with  certain  ceUular  bodies,  to 
which  a  hepatic  or  liver  function  has  been  assigned. 
The  stomach,  in  turn,  terminates  in  a  fannel-shaped 
cavity,  or  "infundibulum"(c),  and  from  this  latter 
three  pairs  of  canals  are  observed  to  proceed.     The  first 
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pair,  termed  the  "  apical  '*  canals  {k  k),  open  from  the 
lower  portion  of  the  infandibulom,  and  terminate  at 
the  "  apical "  pole  of  the  hody,  in  the  "  apical "  pores. 
The  second  pair,  known  as  "  paragastric  "  canals  {m  m), 
arise  from  the  upper  part  of  the  funnel,  and  terminate 
in  shut  sacs  near  the  oral  aperture ;  whilst  the  third 
pair,  or  "radial"  canals (^^),  proceed  toward  the 
margin  of  the  body,  and,  after  dividing  into  a  number 
of  smaller  tubes,  open  into  the  '^ctenophoral"  canals  (h), 
these  latter  immediately  underlying  the  ctenophoral 
bands  of  the  external  surface  of  the  body.  The  office 
of  these  canals  appears  to  be  that  of  a  vascular  or  circu- 
latory system,  the  internal  surfieuses  of  the  canals  being 
fringed  with  cilia,  which  aid  in  maintaining  a  due  and 
constant  circulation.  On  careful  examination,  the 
entire  system,  thus  described,  is  found  to  correspond 
with  the  disposition  of  parts  in  the  typical  Actinozoon, 
the  homological  relations  of  the  group  being  thus 
preserved  and  demonstrated.  Thus,  the  digestive  sac 
in  the  Ctenophora  corresponds  to  that  of  Actinia  in 
position,  and  relations  also,  and  the  ctenophoral  canals 
may  be  considered  homologous  with  the  chambers  into 
which  the  somatic  or  body-cavity  of  Actinia  is  divided. 
Situated  at  the  apical  pole,  a  small  organ,  termed  the 
'*  ctenocyst "  (d),  is  found.  This  consists  of  a  small 
cyst  or  vesicle,  in  which  particles  of  mineral  matter  are 
developed,  and  from  the  fact  of  a  nervous  ganglion 
being  found  in  close  proximity  to  the  ctenocyst,  this 
latter  organ  has  been  considered  as  representing  an 
auditory  oigan.      In  this  nervous  ganglion  the  first 
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indication  of  the  specialisation  of  a  nervoos  system  is 
witnessed. 

Fleurobrachia  {Cydippe)^  (Fig.  27,  b)  forms  a  typical 
example  of  the  order.  The  Cesium  Veneris  (Fig.  27,  a) 
is  the  only  remaining  member  of  the  order  which 
merits  onr  special  attention.  The  body  is  elongated  in 
a  lateral  direction,  to  form  a  band-like  structure,  the 
edges  of  which  are  abundantly  supplied  with  cilia.  It 
is  supposed  to  possess  the  power  of  causing  a  phos- 
phorescent light,  which,  in  the  dark,  gives  it  the  appear- 
ance of  a  long  waving  band  of  flame. 


Classifioation  of  Coilenterata. 

Class  L  Htdrozoa. 

Order  (a)  Hydridm.     Ex.  Hydra. 
Order  (b)  CorynidcB.     Ex.  Cordylophora. 
Order  (c)  SertttlaridcB.     Ex.  Sertularia. 
Order  (d)  Ccdycophoridce,     Ex.  Diphyes. 
Order  (e)  Fhysophoridm.     Ex.  Velella. 
Order  (f)  Medusidce,     Ex.  Medusa. 
Order  (g)  Lueemaridce,     Ex.  Lucemaria. 

Class  IL  Aotinozoa. 

Order  (a)  Zoantharia, 
Sub-Order  1.     Z,  McUaeodermaia.     Ex. 

Actinia. 
Sub-Order  2.      Z.  Sderodermata,     Ex. 
Madrepores. 
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Class  IL  Actinozoa — continued. 

Sub-Older  3.     Z.  Sderobadccu     Ex.  An- 
tipathes. 
Ordei  (b)  Alcyonaria,     Ex.  AlcjonioixL 
Older  (c)  Rugosa,     (Extinct) 
Order  (d)  Cienqphora.         Ex.    Cjdippe  ; 
Cestom  Veneris. 


CHAPTER  VI. 

ECHINOZOA. 

General  Characters — Classification — Echinodermata. 

The  Echtnasocty  forming  the  third  structural  type  or 
plan,  were  formerly  classed  with  the  Coelenterata, 
under  the  common  term  Eadiata  ;  and  the  term  Annu- 
laida  has  also  been  applied  to  this  sub-kingdom,  from 
certain  affinities  possessed  by  the  Echinozoa  to  the 
members  of  the  next  and  higher  type — that  of  the 
Armulosa.  The  term  Echinozoa  is,  however,  to  be  pre- 
ferred to  that  of  Annuloida,  inasmuch  as  the  former 
name  expresses  a  very  general  characteristic  of  the 
group,  and  also,  because  the  use  of  the  first-mentioned 
term  is  less  likely  to  cause  any  confusion  of  ideas  in 
distingaishing  between  the  types  themselves.  The 
term  Echinozoa  is  derived  from  the  Greek  eehinos, 
translated  a  hedgehog,  or  prickly  animal  j  and  in  the 
typical  example  of  the  sub-kingdom,  the  Echinus  or 
Sea-urchin,  the  application  of  the  term  is  at  once  ap- 
parent, the  Bhell  being  covered  or  set  with  spines.  To 
the  Echinozoal  type,  however,  are  referred  certain  forms, 
which  at  furst  sight  would  appear  to  find  a  more  ap- 
propriate locality  amongst  the  Annulosa.     The  class 

n 
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Scoleeida,  embracing,  among  other  forms,  various  para- 
sitic worms, — the  most  familiar  of  which  are  the  tape- 
worms,— ^iB  included  in  the  present  sub-kingdom,  from 
the  exhibition  of  several  unmistakable  affinities  to  the 
Echinozoal  type  of  structure;  and  ihQEoti/era,  familiarly 
known  as  "Wheel-animalcules,"  the  proper  place  of 
which  has  for  long  formed  a  matter  of  discussion,  have, 
in  accordance  with  the  latest  and  most  acceptable  views, 
been  also  included  in  the  present  group. 

With  regard  to  general  characteristics,  the  Echinozoa 
possess  a  distinct  alimentary  canal,  completely  differen- 
tiated and  shut  off  from  the  general  cavity  of  the  body. 
In  all,  a  peculiar  system,  known  as  the  "  aquiferouB," 
" ambulacral,"  or  "water-vascular,"  system  exists.  A 
true  circulatory  or  blood- vascular  apparatus  is  present 
in  many  instances,  whilst  a  nervous  system  is  veiy 
generally  found  throughout  the  group. 

Classification. — The  Echinozoa  are  divisible  into  two 
classes — 

Class     I. — ^EOHINODEBMATA. 
Class  II. — SOOLECIDA. 

Class  L  EoHiNODERMATA. — In  this  division  are 
included  the  Echini  or  Sea-urchins,  the  Starfishes 
{Asteroidea),  and  other  typical  though  less  familiar 
forms.  The  Echinodermata  afford  striking  examples 
of  the  radial  synunetry  or  spherical  disposition  of 
parts.  Calcareous  or  limy  structures  are  developed  to  a 
greater  or  less  degree  in  the  integument  or  **  perisome," 
as  the  outer  membranous  skin  is  technically  termed 
Thus,  in  Echinus,  the  calcifying  process  reaches  the 
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acme  of  its  development,  a  completely-formed  shell 
or  "test"  being  the  result;  in  the  integoment  of  the 
Starfish,  on  the  contrary,  in  which  the  deposition  of 
calcareous  matter  is  limited,  a  modification  of  the  pro- 
cess is  well  exemplified.  In  this  division,  also,  the 
peculiar  *'  ambulacral"  system  may  be  most  satisfactorily 
studied,  the  various  structural  features  of  the  system 
being,  in  the  Echinodermata,  most  highly  developed. 

Selecting  for  examination  the  common  Echinus  or 
Sea-urchin,  the  morphology  of  the  group  may  be  com- 
prehended under  the  following  heads  : — 

(a)  Shell  or  ''test,  "and  appendages. 
(6)  Digestive  system. 

(c)  Circulatory  system. 

(d)  Nervous  system. 

(e)  Ambulacral  system. 

(a)  S?iell  or  **te8t" — ^The  spherical  shell  or  test  in 
which  the  body  of  the  Echinus  is  enclosed,  is  composed 
of  calcareous  plates,  firmly  welded  together,  and  arranged 
in  definite  sets  or  seriea  At  the  inferior  pole  of  the 
body  the  mouth  is  situated,  the  anus  opening  at  the 
opposite  and  superior  pole.  The  plates  of  which  the 
test  is  composed  are  arranged  in  ten  series,  zones  or 
rows,  each  of  these  zones  being  composed  in  turn  of  a 
double  row  of  plates.  On  the  plates  of  five  of  these 
double  rows  (Fig.  29,  b;  Eig.  30,  e),  small  apertures  are 
found,  by  which  exit  ia  given  to  the  ''  ambulacra  *^  or 
tube  feet ;  whilst  on  the  plates  of  the  remaining  five, 
and  alternating  rows  (Fig.  29 ;  and  30,  /),  no  apertures 
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are  obeerred.  The  zones  bearing  unbalacial  aperturee 
are,  accordingly,  known  as  " ambulacral  areas  ;"  whilst 
the  latter  zones,  composed  of  imperforate  plates,  are  in 
contradistiuctioii  termed "interambulacrolareas."  Uodi- 
ficatious  of  this  general  arrangement  are  found  in  the 
neighboniiiood  of  the  mouth,  and  also  at  the  anal  opening. 
At  the  superior  oi  anal  pole  five  plates  (Fig.  30,  c)  of 


Fig.  19.  Uptek  KiLF  or  Shell  or  Eceikds  Escdlxstts. 

(I.  Cat  (itnnittj  oC  lotuUne  ;  ti  (  b  (.  Ambsluni  areu  of  ahell,  ahaaing 

imboUenl  tpsrtam ;  c,  pUced  iboia  una ;  toiitt,  Orujsi. 

special  structure  are  found  sorronndiug  the  anal  opening. 
Each  of  these  five  plates  is  perforated  by  a  single  aper- 
ture, representing  the  opening  of  a  generative  duct,  and 
to  this  series  the  term  "  genital"  plates  has  been  applied. 
On  one  of  the  genital  plates  is  borne  a  diac-like  tubercle, 
perforated  by  a  number  of  minute  apertures,  and  known 
as  the  "  madreporiform"  plate  (6).  A  series  of  smaller 
plates  alternates  with  the  "  genital"  plates,  and  to  these 
latter  the  term  "  ocular"  (d)  is  applied.    Each  "  ocular  " 
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plate  is  perfoAted  near  its  outer  edge  hj  an  apeiture, 
trhich,  during  the  life  of  the  creature,  contains  a  small 
"  ocellna  "  or  eye,  and,  from  this  circnmstance,  the  term 
"ocular,"  applied  to  these  platee,  is  derived.  Aroond 
the  mouth  a  series  of  "  oral "  plates  is  found,  these 


ng.  M.   BCHINOUIU. 

L  Diacrmm  ot  tha  unnganisnt  of  tb*  plUM  on  Uu  lliperlar  upset  ot  to 
Bcklnii»«he1L  a»  Ami  pUte ;  b^  nudnpDrifonn  tii1>flrclfl,  AituAtM  on 
one  m  the  gmll^  ptita*  e;  d,  ocolir  pliteg;  e,  "unbntiicnl  ira." 
bou^Dg  thfl  p«rfont«d  uubalacnl  platu ;  f,  pUt«a  of  the  wUo1nln£ 
■■inUniiibiilunliniu"  L  PedicelluiBorJCe<>iiiMmtlf(irli(iiugiii<led), 
(Qomti.  a.  Put  or  the  hud  of  tlie  •mbib,  ghowliig  the  skdetou  ot  Iha 
"blidei."  4.  Morphology  of  » iingl(  aplM.  a,  Tnbsjila of  the  (liell ; 
t,  UganHDt  ktUching  iplu  to  tobwds ;  e,  ipine ;  d,  miuciilu  apmil* 
iDTcniiig  the  Joint. 

rtmctiires  lieing  attached  to  the  strong  coriaceous  or 
leathery  membrane  which  Bturonnds  the  oral  spertnre. 
Ilie  appendages  of  the  "  test"  number  three  different 
sets  :  firstly,  the  spines ;  secondly,  the  ambulacra  or 
tubular  feet,  which  may  conveniently  be  included  at 
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this  stage ;  and  thirdly,  a  number  of  small  parasitic 
structures,  to  which  the  term  "  pedicellarisD "  has  been 
applied.  On  more  detailed  examination  of  the  plates 
of  which  the  ^^test"  is  composed,  we  find  that  the 
plates  of  both  "areas"  bear  a  large  number  of  small 
tubercles  or  rounded  projections,  these,  however,  being 
most  numerous  on  the  interambulacral  tracts.  To  these 
tubercles  the  spines  are  attached,  the  articulation  par- 
taking of  the  nature  of  a  ball-and-socket,  or  universal 
joint,  and  free  and  unimpeded  movement  of  the  spines 
being  thus  permitted.  The  attached  extremity  of  the 
spine  (Fig.  30,  4  e)  exhibits  a  concavity  which  articu- 
lates with  a  corresponding  and  convex  eminence  situated 
on  the  tubercle  (a).  A  strong  ligament  (b)  passes  to 
attach  the  spine  to  the  tubercle,  whilst  a  muscular  cap- 
sule (d)  encloses  the  joint ;  this  latter  being  the  chief 
agent  by  which  the  movements  of  the  spine  are  produced. 
The  spines  serve  as  organs  of  defence,  but  they  also 
appear  to  assist  materially  the  locomotion  of  the  creature. 
The  "  ambulacra  "  (Fig.  31,  p)  consist  of  a  vast  number 
of  tubular  prolongations  or  "feet,"  which  protrude 
through  the  apertures  of  the  ambulacral  areas.  The 
free  extremity  of  each  tube  is  dilated  into  a  disc,  which 
is  provided  with  a  sucker,  enabling  the  creature  to  attach 
the  "  feet "  to  any  substance,  and  thus  afford  a  fixed 
point  on  which  movements  may  be  made  to  depend. 
The  relations  of  the  ambulacra  will  be  further  considered 
when  treating  of  the  particular  system  of  which  they 
form  part  A  third  set  of  appendages  is  also  met  with 
in  examining  the  test.    These  consist  of  oiganisms  found 
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attached  to  moet  Echinodermata,  and  to  which  the  tenn 
"  pedicellarue"  is  applied.  These  pedicellarin  (Fig.  30, 
3,  3)  are  of  miiiate  size,  and  each  consista  eeaeutially 
of  a  stalk,  furnished  at  its  &ee  extremity  with  seTeial 
movable  bladee  (3),  which  are  observed  to  be  conataiitly 
Id  motion,  opening  and  shutting  on  each  other  in  an  in- 


(■flcr  ALnun). 


«.  Hoaih,  wtth  maitlcAtcTT  ippumtu  ('^Luitern  of  Ariitotla"] ;  b,  ccto- 
pb*c<>*  i  ^  itoiDiich ;  d  d  <1»  bitflitfiie ;  /,  Dudnpoiifona  ta1j«rel«  ;  g, 
uad-cuul;  A*  ujbDlAcnl  liag  ;  k,  PoJlu  Tealclu;  iit,  u  unbDUenl 
tiib«:  0,  uu;  p.  imbalicim,  wLth  thdi  biAal  "  contnctlle  t«i1c1«  ;** 
r,  BcTToni  ifna  tocroiuidlim  gullet ;  >  j,  two  nervooi  tnoki,  tti«  light 
tennlutlDg  At  uul  polB  In  t  inuU  gutgUon ;  ( e,  blDod-TuculMr  t^gt, 
OBiiBctcd  br  w,  the  caattftotUe  beut ;  «  v,  two  utaia]  bnnki,  ndjM^ 
in^  hna  thi  maal  ring  \  x,  ui  OTuy,  opening  kt  the  eiul  pole  In  » 
genitel  plele,  v ;  f  f,  ipinee,  wLth  their  tuberdee. 

eeasant  manner.  These  organisms  appear  to  possess  an 
existence  separate  and  distinct  from  that  of  the  animal 
npoa  which  they  are  parasitic,  their  movementa  con- 
tinuing after  the  creature  itself  has  ceased  to  live.  The 
function  of  these  pecoliar  bodies  is  unknown ;  by  some 
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observers,  however,  they  are  considered  as  "spines, 
modified  so  as  to  be  mobile  and  prehensile"  (BoUeston). 

(b)  Digestive  System, — ^The  alimentary  canal  consists 
of  a  mouth,  stomach,  and  intestine,  these  organs  being 
now  specialised ;  but  accessory  glands  are  still  want- 
ing. The  mouth  (Fig.  31,  a)  opens  at  the  inferior  pole 
of  the  spherical  body,  and  is  furnished  with  a  peculiar 
masticatory  apparatus,  termed  the  ''Lantern  of  Aris- 
totle," and  which  consists  of  five  calcareous  jaws,  or 
pointed  teeth,  united  together,  and  set  in  action  by  a 
complicated  muscular  arrangement  From  this  struc- 
ture a  gullet  (b)  leads  to  a  distinct  and  widened  stomach 
(c),  &om  which  an  intestine  (dd)i&  given  off.  The 
intestine  is  attached  to  the  wall  of  the  shell  by  a  deli- 
cate and  highly  vascular  membrane,  termed  the  ''  mesen- 
tery," which  subserves  the  absorptive  function  in  con- 
veying to  the  general  cavity  of  the  body  the  products  of 
digestion.  The  respiratory  function  is  in  all  probability 
also  performed  by  the  mesentery,  the  consideration  that 
its  surface  is  abundantly  furnished  with  cilia,  and,  in- 
deed, that  its  general  structure  appears  suited  for  this 
office,  favouring  this  opinion.  The  alimentary  canal  is 
encircled  in  its  course  by  four  rings,  representing  three 
distinct  systems  in  the  economy  of  the  Echinus. 
Superiorly,  we  find  the  two  rings  belonging  to  the 

(e)  Circulatory,  Hcemal,  or  Blood-vascular  System. — 
The  lower  ring  (f)  encircles  the  digestive  tract  near  the 
gullet,  the  upper  ring  (t)  surrounding  the  intestinal 
tube.  These  two  rings  are  connected  by  a  contractile 
vessel  or  heart  (v),  from  which  (as  also  from  the  upper 
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01  anal  ring)  bianches  (tr  w)  radiate  to  the  yarious  parts 
of  the  body. 

(d)  Nervous  System. — The  nervoas  centre  in  the 
Echinus  exists  also  in  the  form  of  a  ring  (r),  which  sur- 
rounds the  gullet  at  its  most  superficial  portion,  the 
nervous  ring  being  thus  the  most  inferior  in  position  of 
the  systems  which  encircle  the  alimentary  tube.  This 
ring  or  cord  exhibits  several  distinct "  ganglia/'  or  nerve- 
masses  ;  and  five  main  nerve  trunks  {s  s)  proceed  firom 
this  central  point,  to  be  distributed  along  the  ambulacra! 
areas,  in  company  with  the  branches  of  the  blood-vas- 
cnkr  and  ambulacral  systems. 

[e)  Amhulaeral  System,  — The  various  parts  of  the 
ambulacral  or  water-vascular  system  may  be  enumerated 
under  three  heads — 

1.  The  Madreporlform  tubercle  and  sand-canal ; 

2.  The  AmbiUacral  ring  and  Polian  vesicles  ;  and 

3.  The  Ambulacral  tubes,   Contractile  vesicles,  and 

Ambul€u:ra. 

The  (1.)  "  Madreporiform  tubercle"  (/),  as  previously 
noticed,  is  situated  on  one  of  the  genital  plates  which 
suRDond  the  anal  pole  of  the  shell.  It  consists  of  a 
perforated  disc,  and  forms  the  opening  of  a  tube  called 
the  '^  sand-canal "  (^),  which  runs  downwards  from  the 
tubercle,  and  connects  that  latter  structure  with  the 
ambulacral  ring  (A)  which  surrounds  the  gullet.  The 
Madreporiform  plate  is  supposed  to  act  as  a  filter,  in 
serving  to  adndt  water  to  the  sand-canal,  but  at  the 
same  time  excluding  particles  of  foreign  or  solid  matter. 
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(2.)  The  "  Ambulacral  ring"  (h)  we  find  surrounding 
the  gullet,  and  occupying  an  intermediate  position  be- 
tween the  centres  of  the  nervous  and  circulatory  systems. 
Attached  to  the  ring  are  several  pear-shaped  vesicles, 
named,  from  their  discoverer,  "  Polian  vesicles "  (k) ; 
and  although  their  function  is  still  disputed,  yet  it  ap- 
pears highly  probable  that  they  serve  as  reservoirs  or 
receptacles,  to  accommodate  an  increased  supply  of  the 
fluid  used  in  the  ambulacral  apparatus.  They  com- 
municate freely  with  the  ring,  from  which  five  radiating 
tubes — the  '' ambulacral  tubes"  (m) — proceed;  these 
latter  diverging  outward,  and  their  course  necessarily  cor- 
responding to  the  situation  of  the  ambulacral  areas  of  the 
shell  (3.)  From  the  **  ambulacral  tubes,''  which  thus 
pass  along  the  ambulacral  areas,  the  "  ambulacra"  (jp),or 
tubular  feet,  are  given  off;  these  latter  passing  through 
the  ambulacral  pores  of  the  corresponding  plates  of  the 
test.  At  the  attached  extremity  of  each  tube-foot,  and 
forming  a  dilatation  on  the  ambulacral  tube,  a  small 
vesicle,  termed  a  *'  Contractile  vesicle"  (Figs.  31,  and 
32  A,  a),  is  found,  each  tubular  foot  and  its  correspond- 
ing  veeicle  being  inverted  with  muscular  fibres ;  and,  in 
virtue  of  the  contractile  powers  with  which  both  feet  and 
vesicles  are  endowed,  fluid  can  be  ejected  from  the  vesicle 
into  the  f  oot^  or  vice  verea,  as  occasion  requires.  Having 
thus  become  acquainted  with  the  morphology  of  the 
ambulacral  system,  we  are  now  prepared  to  understand 
the  mode  in  which  its  function  is  performed.  Water  is 
admitted  through  the  madreporiform  tubercle  and  sand- 
canal  to  the  ambulacral  ring  and  Polian  vesicles.  Thence 
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it  passes  into  the  radiating  ambokcral  tubes,  filling  in 
tnm  the  contractile  foot-vesicles.  When,  therefore,  the 
creature  is  desirous  of  protruding  the  ambulacra  for  the 
purpose  of  locomotion,  it  causes  the  foot-vesicles  to 
contract,  and  the  water  being  thus  forced  into  the  feet, 
these  latter  are  rendered  protrusible,  and  can  be  applied 
to  anj  8ur£Eu»  ;  the  terminal  suckers  enabling  them  to 
retain  a  firm  hold.  Eetraction  and  inversion  of  the 
feet  is  effected  simply  by  the  contraction,  in  turn,  of  the 
muscular  walls  of  the  ambulacra ;  the  fluid,  being  thus 
forced  back  into  the  foot- vesicles,  admits  of  the  subse- 
quent  retraction  of  the  feet.  The  feet  are  capable  of 
being  protruded  to  a  much  greater  length  than  the 
spines  ;  and,  notwithstanding  their  apparent  awkward- 
ness, these  animals  effect  locomotion  in  the  most  per- 
fect manner.  In  Fig.  32  B,  the  disposition  of  the  am- 
bulacral  ring  and  accessory  structures  in  the  starfish  is 
depicted.  The  ring  itself,  bearing  the  Polian  vesicles 
(6  b\  is  seen  at  a,  and  at  c  the  ambulacral  tube  is  seen 
proceeding  in  its  course,  namely,  along  the  inferior  sur- 
&ce  of  the  inner  aspect  of  the  ray.  Three  ambulacra 
or  feet  are  seen  in  various  stages  of  contraction.  In  the 
first  of  these,  d^  the  foot  is  seen  fully  protruded,  the 
vesicle  being  contracted  and  empty.  At  e,  the  foot 
is  partially  retracted,  the  fluid  contents  of  the  foot  par- 
tially filling  the  vesicle  ;  -whilst  at  /  the  foot  is  repre- 
sented as  being  wholly  withdrawn,  the  vesicle  being 
now  fully  distended  with  the  contained  fluid.  The 
muscular  investments  of  the  feet  (^h),  from  their  struc- 
ture and  disposition,  are  also  well  calculated  to  assist 
in  the  various  movements  of  the  ambulacra. 
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The  generative  oigans  are  disposed  along  the  inter- 
ambulacral  areas  in  the  form  of  five  membranous 
masses  (Fig.  29,  o,  and  Fig.  31,  x),  the  efferent  ducts 
opening  by  the  pores  borne  on  the  genital  plates.  The 
sexes  in  the  Echinodermata  are  distinct,  existing  in 
separate  individuals. 

Classification. — The  class  Echinodermata  is  con- 
veniently divided  into  four  orders — 

Order  1.  Echinoidea,     Ex.  Echinus. 
Order  2.  Asteroidea,     Ex.  Asterias. 
Order  3.  Crinaidea.     Ex.  Comatula. 
Order  4.  Holothuroidea,    Ex.  Holothuria. 

Order  1.  Echinoidea. — ^This  order  is  represented  by 
the  various  families  of  searurchins,  many  species  of 
which  are  found  around  our  own  coasts.  The  foreign 
species  attain  a  large  size,  and  are  very  varied  in  form 
and  appearance.  The  genera  Cidaris  and  Echinus  typi- 
cally represent  the  first  and  most  familiar  family,  that 
of  the  CidaridoB — ^the  two  remaining  divisions,  Clypea- 
stridoB  and  Spatangidcs,  including  forms  less  frequently 
met  with  in  ordinary  observation.  In  their  develop- 
ment the  Echinoidea  exhibit  several  remarkable  trans- 
formations of  shape  and  figure,  the  embiyo— first  de- 
scribed as  a  distinct  animal  under  the  name  of  Pluteus 
— swimming  freely  as  a  ciliated  body,  the  perfect  form 
being  subsequently  developed  from  but  a  limited  por- 
tion of  the  embryonic  body. 

Order  2.  Asteroidea, — Under  this  head  are  included 
the  various  starfishes.     The  body  consists,  in  these 
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forms,  of  a  central  disc,  from  which  the  lobes  or  arms 
radiate.  The  raye  vaiy  greatly  in  namber,  and  also  in 
their  relation  to  the  disa  In  the  common  star  or  cross 
fish  (Fig.  33,  a)  five  rays  are  present ;  whilst  in  the 


Solaeteridte,  or  snn-stars,  the  number  ranges  irom 
thirteen  to  sixteen.  In  their  morphological  relations 
with  the  body  or  disc,  also,  the  raya  exhibit  important 
differences.  Thus,  in  the  trae  starfishes,  the  arms  are 
immediate  and  tme  prolongations  of  the  disc  itself,  and 
contain  a  due  proportion  of  the  riecera  (Fig.  32,  A)  ; 
whilst  in  the  OpMuroidea  or  brittie-stors  (Fig.  33,  b),  as 
exemplifying  the  second  ^pe,  the  arms  are  mere  ap- 
pendages of  the  disc,  to  which  the  viscera  are  confined. 
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In  this  latter  case  the  arms  principal!;  snhsetve  the 
locomotive  facalty.  If  we  conceive  an  Echinus  to  be 
divided  along  the  ambulacral  areas,and  the  resnlting  raj' 
shaped  divisions  to  be  spread  ont,  whilst  &  membraQOoa 
disc  would  unite  and  connect  the  rays  at  their  bases,  we 
should  have  constructed  a  form  resembling  the  star- 
fish, the  morphological  relation  of  which  to  the  Echinus 
may  thus  be  roughly  expressed.  The  integument  is  of 
a  coriaceous  or  leathery  consistence ;  calcsTeous  particles, 


repreeenting  modified  tubercles  and  spines,  being  abun- 
dantly deposited  throughout  its  substance.  An  inter- 
nal arrangement  of  calcareous  plates  forms  an  endo- 
skeleton,  semng  for  the  due  support  of  the  other  and 
softer  tissues.  The  mouth,  which  in  the  present  in- 
stance ie  destitute  of  a  masticatory  apparatus,  is  situated 
on  the  centre  of  the  inferior  surface  of  the  disc,  and 
fiom  the  mouth  a.  short  gullet  leads  into  a  cspacioas 
atomach,  which,  in  the  true  starfishes,  sends  blind  or 
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caacal  piolongations  of  its  substance  into  each  ray  (Fig. 
32,  A).  An  anal  aperture  is  not  generally  present.  The 
ambulacral  ring  surrounds  the  mouth,  the  ambulacral 
tubes  proceeding  along  the  inferior  surface  of  the  inner 
aspect  of  each  ray  (Fig.  32,  A,  a  b).  The  feet  vary  con- 
siderably in  number,  two  or  four  rows  being  present  in 
each  ray.  The  madreporiform  tubercles  also  vaiy  in 
number,  two  or  three  being  usually  found.  The  ner- 
Toos  system,  as  before,  surrounds  the  oral  aperture, 
branches  radiating  from  this  central  point  to  the  rays. 
The  Asteroidea  are  abundantly  represented  on  all  our 
coasts  :  the  common  starfish  (Uraster  rvbena)  (Fig.  33, 
a),  and  the  sun-stars  {Solaster  papposa),  being  fjEimiliar 
to  eyeiy  sea-side  viaitor. 

The  Ophiuroidea  or  "  Brittle-stars,"  sometimes  classi- 
fied as  a  distinct  order,  differ  from  the  true  starfishes 
in  that  the  arms  are  mere  appendages  to,  and  not  true 
continuations  of,  the  body,  the  viscera  being  confined 
to  the  disc  itself,  which  is  covered  by  calcareous  plates, 
as  also  are  the  long  and  flexible  arms.  The  ambulacral 
tube,  as  before,  is  disposed  along  the  floor  of  each  ray ; 
the  aquiferous  system,  in  the  present  instance,  is  not  so 
perfectly  developed  as  in  the  true  8tarfishe&  The 
Ophiura  ot  sand-star  (Fig.  33,  6),  and  the  Ophiocoma  or 
brittle-star,  represent  the  group,  the  latter  form  deriv- 
ing its  name  from  the  peculiar  habit  of  breaking  itself 
in  pieces  when  captured.  In  all  the  Asteroidea  the 
power  of  reproducing  lost  or  injured  members  is  pos- 
sessed to  a  great  degree. 

Order  3.    Orinoidea. — The   consideration    of   this 
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order  is  extremely  mtereeting  troia  a  paleontologicsl 
point  of  view,  tlie  forms  included  within  this  limited 
group  seiring  to  connect  existing  Echinoxoa  with  cer- 
tain extinct  and  foaail  forms. 

The  parte  of  a  typical  Crinoid  may  be  very  shortly 
enumerated  as  consisting  of  a  cup-shaped  body,  or 
"  calyx"  (Fig.  35,  B,  e),  giving  attachment  superiorly  to 
grooved  arms  (e),'and  giving  origin  inferiorly  to  a  jointed 
Btem  or  pedicle  (s),  by  the  rooto  (r)  of  which  the  Crinoid 


attaches  itaelf  to  the  sea-bottom.  The  calyx  is  com- 
posed of  definite  series  of  plates  (b  d  k),  the  mouth  (m), 
and  in  many  cases  the  anal  apertore  also  (a),  opening 
in  the  central  aspect  of  the  cup.  Jointed  processes 
{p  /),  attached  to  the  arms  and  stem,  are  also  represented 
in  the  figure. 
The  Chmaiuja  roeacea  or  feather-star  (Fig.  34,  a),  is 
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the  sole  Britisti  representatiTe  of  tlte  order,  which  is 
defined  as  inclnding  Ecbinodeimata,  "  in  which  the 
hod7  ia  fised,  during  the  whole  or  a  portion  of  the 
existence  of  the  animal,  to  the  eea-bottom,  b;  means  of  a 
longer  or  shorter  jointed  and  flexible  stalk,"  The  body, 
in  Ckmtaiula,  consiats  of  a  central  calcareous  disc,  from 
whichfive  radiating  arms  are  given  off.  These  arms  bifur- 


:m  wuTDdaclvlkt,  ■  foMll  CrinoUl  fro 
i,  DUgnm  of  Criivnd.  a,  taoa ;  b,  b 
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cate  immediately  above  their  origin,  each  ray  dividing  into 
two  branches,  and  the  creature  thus  possessing  ten  elon- 
gated slender  rays.  Each  of  the  divisions  is  furnished 
with  lateral  and  jointed  appendages,  to  which  the  name 
of  "pinnte"  has  been  ^ven;  the  arms  thus  possess  a 
pinnated  or  feather-like  appearance,  and  from  this  cir- 
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cnmstance  the  familial  name  of  **  feather-star"  has  been 
derived. 

In  the  yonng  state  the  Comatnla  is  stalked  (Fig.  34,  b), 
being  supported  on  a  calcareous  jointed  stem,  which  ia 
surmounted  by  the  cup-shaped  body,  to  which  the  ten 
arms  are  attached.  When  the  fitting  period  has  arrived, 
the  Comatula  breaks  away  from  the  stalk,  and  exists 
during  the  remaining  period  of  its  life  in  a  free  and 
unattached  condition.  The  young  and  stalked  state  of 
Comatula  was  formerly  described  as  an  anomalous  and 
distinct  form,  under  the  name  of  FentacriTiua  Europoeua^ 
and  the  several  known  foreign  stalked  forms  may  be 
supposed,  in  like  manner,  to  be  merely  the  embiyonic 
condition  of  other  and  free  Crinoids. 

A  perfect  digestive  system,  modelled  on  the  Echiuo- 
zoal  type,  exists  in  Comatula ;  a  distinct  anus,  in  addi- 
tion, being  present  The  ambulacral  system  is  also 
developed,  but  does  not  subserve  the  locomotive  func- 
tion to  any  great  degree. 

The  majority  of  fossil  Crinoidea,  on  the  contrary, 
were  permanently  stalked  and  rooted,  the  most  fsuniliar 
species  being  popularly  known  as  Encrinites  or  lily- 
stars  (Kg.  35,  A). 

It  is,  however,  interesting  and  important  to  observe 
that  recent  deep-sea  dredging  explorations,  conducted 
under  the  direction  of  Professor  Wy ville  Thomson,  Dr. 
Carpenter,  and  others,  have  brought  to  light  certain 
Crinoidean  forms,  referable  to  genera,  which,  until 
recently,  were  thought  to  be  unrepresented  by  living 
species.     Under  the  heads  Cystoidea  and  Blastoidea, 
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serenl  extinct  forms,  lefecabls  to  tlie  CrinoideaD  type 
of  Btmctuie,  An  indoded,  the  piincipal  difference  be- 
tween theee  and  tine  Crinoida  consisting  in  the  non- 
dcTelopment,  in  these  groups,  of  arms. 

Older  4.  Haiotkuroidea. — This  oider  includes  the 
Sea^ucnmbera,  and  Trepanga  {HoloihuricB),  which, 
fiQaa.  their  higher  s^ctore,  constitute  the  most  ad- 
vanced division  of  the  class.  The  HolottiaToidea 
differ  widely  in  form  from  the  preceding  groups,  the 
body  being  more  or  less  elongated  (fig.  36),  and  of  soft 
or  leadieiy  consistence.     The  deposition  of  calcareous 
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msttei  in  the  internment  is  limited  to  the  development 
of  a  few  spicules  of  this  materisL  The  smbolacra  aie 
generallj  short  and  scattered  over  the  auriace  of  the 
body,  or  they  may  be  absent  altogether.  Locomotion 
is  accordingly  affected  by  the  ambulacra  when  present, 
or  by  the  general  contraction  of  the  body  when  these 
ofgana  are  absent,  the  muscular  system  in  the  Holo- 
thnioidea  reaching  a  high  degree  of  development.  The 
moath,  encircled  by  a  crown  of  feathery  tentacles,  is 
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situ&ted  anteriorly,  and  leads  into  a  stomach,  from 
which  a  convoluted  intestine,  tenninating  in  a  dilatetfj 
chamber  or  '*  cloaca,"  is  given  ofil  Two  tabes  open 
inwards  from  this  "  doaca,"  and  ramify  in  the  interior 
of  the  body.  These  organs  convey  water  within  the 
system,  and  collectively  constitute  a  respiiatory  or 
breathing  apparatus.  The  disposition  of  the  nervous 
and  circulatory  systems  presents  no  features  worthy  of 
special  remark. 

The  Holothuroidea  attain  their  greatest  dze  and 
development  in  tropical  seas;  but  a  few  smaller 
species  are  found  inhabiting  deep  water  around  our 
own  shores. 


CHAPTER  VII. 

ECHiNOZOA — {Continued^, 

Class  IL  Scolecida. 

General  Characters — Classification — Platyelmia — Nematelmio — 

Botifera. 

In  this  group  are  comprised  many  fonns  which,  until 
recently,  were  classed  with  the  Vermes  or  Worms,  in 
the  old  sub-kingdom  Articulata,  or  jointed  animals. 
And  although  the  external  appearance  of  certain  typical 
members  of  this  group  might  seem  to  justify  their 
being  placed  among  the  Annulosa,  yet  a  more  careful 
and  detailed  examination  of  these  forms  reveals  a 
structure  differing  so  widely  £rom  that  of  the  true 
worms,  that  of  necessity  the  Scolecida  are  referred  to 
the  lower  and  Echinozoal  type  of  structure.  The  term 
EfUozoay  or  internal  parasites,  is  sometimes  applied 
generally  to  this  class,  in  allusion  to  the  habits  of 
certain  forms  included  in  this  group.  Yet  this  term 
is  limited  in  its  signification ;  and,  accordingly,  it  is 
seldom  or  never  used  in  a  strictly  zoological  sense. 
The  Roti/era,  or  "wheel-animalcules,"  forming  the 
third  order  of  the  class,  were  formerly  classified  as  a 


118  ECHIKOZOA. 

division  of  the  lower  Annnlosa ;  bat  their  affinities,  as 
regarded  by  Huxley,  seem  to  warrant  their  removal  to 
the  present  sub-kingdom.  So  far  as  general  characters 
are  concerned,  the  Scolecida  do  not,  in  the  main, 
present  very  definite  affinities  to  the  Echinozoal  type. 
A  water- vascular  system,  corresponding  to  the  ambu- 
lacral  system  of  other  Echinozoa,  is  very  generally  to  be 
distinguished.  No  true  circulatory  apparatus  is  pre- 
sent, and  the  nervous  system  i3  of  an  inferior  type  of 
organisation. 
The  class  Scolecida  is  divided  into  three  orders : — 

Order  1.  Platyelrrda^  or  "  flat-worms."    Ex.  Taenia, 
Order  2.  i\re7?M3rfeZmia,  or  "round-worms."  Ex.  i4<carw. 
Orders.  Rotifera^  or  "  wheel -animalcules."      Ex. 
Hydatina. 

Order  1.  Platyelmxa, — ^This  order  includes  a  number 
of  jointed  or  woim-like  organisms,  of  flattened  shape 
or  figure.  The  common  Tape-worm  [TcBnia  solium^ 
Fig.  37)  may  be  regarded  as  a  typical  representative  of 
this  group,  which,  from  a  medical  as  well  as  scientiflc 
point  of  view,  is  of  great  interest  Three  subrorders 
are  included  in  this  group,  the  first  of  which — ^that  of 
the  Tceniada — presents  the  more  special  of  the  charac- 
teristics of  this  curious  division. 

(a)  Sub-order  Tceniada. — The  Tceniada  or  Tape- 
worms, of  which  the  Tcana  solium  is  the  most  familiar 
example,  inhabit^  in  their  mature  state,  the  alimentaiy 
canal  of  warm-blooded  vertebrates.  The  species  selected 
for  examination  inhabits  the  intestinal  tube  of  man. 
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Externally  it  piesenta  an  elongated  flattened  ribbon-like 
fonn,  diyided  thronghoat  its  length  into  eegments  of 
oblong  ehftpe  (1%  37,  c),  except  at  the  anterior  portion 
of  the  organism,  where  a  ronnded  head  (Fig.  37,  b), 
BQpported  on  a  series  of  constricted  segments,  forming 
the  neck,  is  found.    The  segments  of  the  neck  aie  small 
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and  closely  set,  bnt  the  encceeding  joints  gtadnallj  in- 
crease in  size,  those  of  the  posterior  extremity  forming 
comparatively  large  oblong  segments,  each  of  vhich  is 
loosely  articalated  to  the  neighbouring  joints.     The 
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head  (h),  whicli  consists  of  a  small  rounded  body,  is 
provided  with  a  series  of  hooks  and  suckers,  by  means 
of  which  the  animal  adheres  firmly  to  the  mucous  or 
lining  membrane  of  the  intestine.  The  segments  are 
produced  fix)m  the  anterior  extremity  by  a  process  of 
continuous  gemmation  or  budding.  Each  fresh  seg- 
ment, as  produced,  occupies  a  position  between  the 
head  and  the  segments  previously  formed ;  the  older 
and  most  mature  joints  being  thus  situated  at  the  pos- 
terior extremity  of  the  body,  or  are  most  distant  from 
the  head.  The  head  thus  constitutes  the  true  animal, 
the  various  segments  being  regarded  as  sexual  zooids  or 
individuals  produced  by  the  asexual  ''nurse,"  formed 
by  the  head-segments.  The  mature  and  ordinary  seg- 
ments or  "  proglottides "  (a)  are  devoted  solely  to  the 
reproduction  of  the  animal,  and  contain  each  a  complete 
generative  apparatus,  capable  of  producing  fertilised 
ova,  male  and  female  elements  being  found  in  each 
segment  Although  organically  connected  to  each 
other,  and  by  each  other  to  the  head  segment,  the  last 
and  most  mature  segments  are  continually  being  de- 
tached, and  are  excreted  from  the  animal  in  whose 
interior  the  Tsenia  resides ;  but  fresh  and  new  segments 
are,  as  we  have  seen,  being  continually  formed  by  the 
anterior  extremity,  and  these,  in  turn,  gradually  take  the 
place  of  the  segments  which  have  fallen  away. 

No  trace  of  a  digestive  system  is  seen,  the  animal 
living  by  the  imbibition  and  absorption,  through  the 
membranous  walls  of  its  body,  of  the  nutritive  juices 
of  its  host     The  water-vascular  system  (w)  is  repre- 


TJSNIADA.  121 

aented  by  a  vessel  numing  along  each  side  of  the  body, 
communication  between  the  vessels  taking  place  by 
means  of  a  transverse  branch  at  the  articulation  of  each 
segment  with  the  neighbouring  joint  The  nervous 
system  consists  of  two  small  anterior  ganglia,  from 
which  filaments,  proceeding  to  the  posterior  parts  of  the 
organism,  are  derived. 

The  generative  organs,  therefore,  occupy  the  greater 
part  of  each  joint  The  ovary,  forming  by  far  the 
greater  bulk  of  the  contained  organs,  consists  of  a  main 
trunk  or  stem,  from  which  lateral  branches  are  given 
off  (o  o).  The  male  organ  exists  as  a  small  convoluted 
tube  (m),  terminating  in  the  posterior  part  of  the  seg- 
ment in  a  minute  vesicle.  The  efferent  ducts  of  the 
generative  organs  open  by  a  small  pore  (the ,"  generative 
pore")  (x),  situated  on  a  minute  papilla  or  eminence, 
placed,  in  Tcenia  solium,  in  the  centre  of  the  lateral 
margin  of  the  segment  The  position  of  the  generative 
pore,  varying  throughout  the  group,  has  been  used  as  a 
means  of  classifying  the  various  members  of  the  division. 
The  Taenia  varies  in  length  as  the  organism  has  existed 
for  a  longer  or  shorter  period;  in  many  instances, 
specimens  have  measured  many  yards  in  length ;  at  all 
timesy  however,  the  segments  are  produced  with  great 
rapidity,  new  and  fresh  growths  continually  taking 
place  as  the  creature  continues  to  exist  in  a  favourable 
situation. 

Each  segment  being  thus  capable  of  producing  an 
immense  number  of  fertilised  ova,  and  the  number  of 
segments  being  also  great,  it  follows  that  a  mature 
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Tsnia  is  the  receptacle  of  an  almost  incalculable  pro- 
geny. But  the  history  of  the  reproductive  process^  and 
the  consideration  of  the  Tarions  stages  through  which 
the  oYum  and  embryo  have  to  pass  before  the  mature 
and  adult  form  is  attained,  indicate  a  merciful  provision 
of  nature  in  thus  limiting  their  growth,  and  preventing 
the  otherwise  rapid  increase  of  these  animals  Were 
it  not  for  the  many  chances  of  destruction  which  in- 
volve, and  undoubtedly  exterminate,  the  greater  part  of 
the  ova,  during  the  lengthened  and  extended  cycle  of 
development  through  which  the  eggs  have  to  pass, 
there  would  be  no  limit  to  the  propagation  of  the 
TsBuiada  to  a  dangerous  degree. 

The  stages  in  the  life-circle  of  a  Taenia  may  be  con- 
veniently classed  under  six  heads,  corresponding  to  six 
distinct  periods  in  the  process  of  development  Begin- 
ning with  the  mature  and  sexually-perfect  segments,  or 
''  proglottides,"  we  find  that  these  are  being  continually 
discharged  £rom  the  alimentary  canal  of  the  animal  in 
whose  interior  the  Taenia  resides.  The  contained  and 
already  fertilised  ova  (Fig.  37,  d)  of  the  "  proglottis" 
are  liberated  by  the  subsequent  destruction  and  decay 
of  the  segment ;  and,  for  the  further  development  of 
these  ova,  it  is  necessary  that  they  should  enter  the  ali- 
mentary canal  of  some  warm-blooded  vertebrate.  Hav- 
ing gained  admittance  to  the  digestive  system  of  such 
an  animal,  the  external  envelope  of  the  ovum  is  dis- 
solved, and  the  minute  contained  embryo  is  set  free. 
Its  rounded  form  is  now  observed  to  be  armed  at  one 
point  by  six  siliceous  or  flinty  hooks,  by  means  of  which 
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it  bores  its  way  ihiougli  the  tissues  of  its  host,  until  it 
reaches  some  oigaiiy  such  as  the  liver,  which  forms  a  yery 
noted  resting-place  for  these  creatures.  Or  it  may  take 
np  its  abode  in  the  muscular  tissues  of  the  animal ;  but 
at  any  rate,  and  whereyer  its  resting-place  is  found,  the 
"  proscolez  " — as  the  little  hooked  travelling  embryo  is 
called — there  develops  around  itself  a  cyst,  or  bladder- 
like structure,  containing  fluid,  and  constituting  what 
is  known  as  the  "scolex,"  or  "  resting-larva"  (Fig.  37,  ef) 
of  the  Tenia.  Forms  of  this  description,  long  known 
by  the  name  of  "  Cystic  worms,''  are  now  ascertained  to 
be  merely  representatives  of  one  of  the  transitionary 
stages  in  the  development  of  TsBnia.  TVithin  the  cyst 
or  bladder  of  the  "  scolex,"  the  head  and  neck  of  the 
future  worm  are  developed,  in  the  form  of  a  small  pro- 
cess growing  from  one  of  the  waUs  of  the  cyst.  The 
process  of  development  cannot  proceed  further  until  the 
"  acolex  "  be  liberated  from  the  animal  in  whose  tissues 
it  thus  lies  buried.  If,  however,  the  flesh  of  an  animal 
containing  "  scolices,"  be  swallowed  by  some  other  warm- 
blooded  yertebrete,  the  further  and  final  stages  in  the 
process  of  development  will  continue,  and  be  completed. 
Having  thus  gained  access  to  the  alimentaiy  canal  of 
this  second  host,  the  bladder-like  cyst  is  next  dissolved 
by  the  action  of  the  digestive  juices,  and  the  scolex- 
embryo,  now  set  free,  attaches  itself  to  the  mucous 
membrane  of  the  intestine  by  the  already-formed  hooks 
and  suckers.  The  oiganism  next  begins  to  bud,  and  to 
develop  posterior  segments,  until  at  length  the  mature 
Tnnia  or  "  strobila,"  with  its  lengthened  train  of  joints 
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or  **  proglottideB/'  is  produced ;  each  joint  being  sexu- 
ally mature^  and  capable  of  producing  ova^  which,  in  the 
course  of  their  devdopment^  will  repeat  the  wondrous 
cycle  through  which  we  have  traced  their  predecessors 
and  progenitors.     The  six  stages  may  therefore  be  thus 
enumerated — 
(1.)  The  "  ovum,"  or  egg  (Fig.  37,  (i),  set  firee  by  the 
decomposition  and  decay  of  the ''  proglottis,"  or 
sexually-mature  segment^  and  containing 
(2.)  The  embryo,  or  "  proscolex,"  with  its  six-hooked 
apparatus  for  boring  through  the  tissues  of  the 
first  host,  to  the  place  where  it  becomes 
(3.)  The  "  scolex,"  or  "  resting-larva"  (Fig.  37,  e/), 
with  its  bladder  or  cyst,  containing  the  head- 
segments  of  the  future  Taenia. 
(4.)  The  immature  TsBuia,  liberated  from  the  cyst  of 
the  "  scolex,"  after  being  introduced  into  the 
alimentary  canal  of  its  second  host. 
(5.)  The  "  strobila,"  or  adult  and  mature  Taenia,  the 
result  of  the  further  development  of  the  fourth 
stage ;  this  latter  (5)  form,  producing 
(6.)  The  "  proglottides,"  or  sexually-mature  segments, 

with  their  contained  and  fertilised  ova. 
In  the  case  of  the  Tcmia  solium  of  man,  the  life- 
history  of  the  future  organisms  has  been  ascertained  with 
considerable  exactitude.  The  ova  liberated  from  the 
"  proglottides  "  may  be  swallowed  by  the  sheep  or  pig, 
in  which  the  **  proscolex  "  burrows  its  way  through  the 
tissues  of  either  animal,  to  become  the  "  scolex."  In 
the  pig  the  development  of  the  cystic  "  scolices  "  causes 
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the  disease  pecoliar  to  that  animal,  and  known  aa 
"measles."  No  forthei  change  can  take  place  in  the 
"  ecolex,"  unless  the  pork  so  affected  be  eaten  by  man, 
in  which  event  the  "  Bcolex,"  becoming  liberated  from 
the  cyst,  attaches  itself  to  the  intestinal  macoua  mem- 
brane, and  developes  into  the  "  strobila,"  oi  mature 
Tienia. 

The  cyatic  forms  or  "Scolices"  of  one  animal  become 
thos  developed  into  the  Tfenia  of  another  animal.     The 
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CyttUereiis  fasciolaHs,  or  cyatic  worm  of  the  moose,  ia 
in  this  way  developed  into  the  Ttenia  crassieoUu  of  the 
cat ;  and,  in  like  manner,  the  Cystuxraie  pisifarmU  of 
the  rabbit  ie  the  immature  Twnia  terrata  of  the  d<^ 
and  fox. 

(6)  Sub-order  Tremaioda. — The  Trematode  worms 
are  t3?pically  represented  by  the  Dutoma  or  "  Flukes," 
and  of  tbeee  the  "Distoma  hepaticnm"  (Fig.  38,  a),  or 
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''liver-fluke/'  is  the  most  familiar  species.  As  its 
specific  name  implies,  the  Distoma  inhabits  the  liver  of 
the  sheep,  producing  the  disease  known  in  that  animal 
as  the  "  rot/'  They  are  small  organisms  of  a  rounded 
shape,  and  of  a  more  or  less  flattened  figure,  the  anterior 
disc,  by  which  the  Distoma  attaches  itself  to  the  tissues 
it  inhabits,  being  perforated  by  the  aperture  of  the 
mouth,  which  opens  into  a  curiously-branched  aliment- 
ary system,  consisting  of  two  main  branches,  from 
which  lateral  and  blind  or  imperforate  divisions  are 
given  off.  A  water-vascular  system  is  present^  and  a 
nervous  system  of  rudimentary  construction  also  exists. 
The  development  of  Distoma  also  exhibits  a  definite 
cycle,  although  the  changes  or  stages  of  its  life-history 
are  by  no  means  so  frequent  or  numerous  as  those  of 
Taenia.  The  Distoma  being  voided  by  the  sheep,  the 
contained  ova  escape,  and  those  which  find  their  way 
into  water  undergo  a  further  development.  The  ciliated 
embryos,  thus  liberated  from  the  ova,  next  take  up 
their  abode  within  the  body  of  some  mollusc,  the  body 
of  the  common  water-snail  being  most  frequently 
selected  for  a  habitation.  Within  the  body  of  the 
snail  the  embryo  produces  a  cyst,  in  the  interior  of 
which  small  bodies,  furnished  with  lash-like  tails,  and 
called  "  CercariflB,"  are  produced.  These  CercarisB  next 
escape  into  the  surrounding  water,  and,  on  being  swal- 
lowed by  the  sheep,  penetrate  to  the  liver,  there  to 
become  developed  into  adult  Distoma. 

(c)  Sub-order  Turbdlaria. — The  TurbeUaria  are  dis- 
tinguished from  the  members  of  the  preceding  groups 
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in  being  non-paiasitic  in  their  habits,  and  in  the  general 
possession  of  vibiatile  cilia.  Two  distinct  types  of 
Torbellarians  are  met  with.  The  Planarida  (Fig.  38,  h) 
are  ftnimftlfl  of  small  size  and  flattened  forms,  inhabiting 
both  fresh  and  salt  water ;  whUst  the  Nemertida,  on 
the  contraiy,  are  of  elongated  worm-like  shape.  The 
Nemertes,  or  "  ribbon- worm,"  is  firequently  met  with  in 
dredging  operations,  as  an  elongated  flattened  worm, 
in  many  instanceo  of  very  considerable  length.  Th« 
Planarida  possess  a  digestive  system,  which,  however, 
is  unprovided  with  an  anal  apertilre.  In  the  Nemertida 
a  distinct  anus  is  present 

Order  2.  NematelmiOy  round-worms.  —  The  forms 
included  in  this  group  are,  as  the  name  implies,  round 
or  cylindrical  in  form.  No  distinct  segmentation  of  the 
body  is  discernible.  The  representative  forms  are  the^l^- 
caris  or  common  ''round- worm;"  the  Eckinorhynchua  or 
''thorn-headed" worm ;  and  the  Gordius  or  "hair-worm." 
The  Ascaris  lumbricoides,  representing  the  (a)Nematoday 
inhabits  the  human  intestinal  canal,  in  which  situation 
the  (kauris  or  small  thread-worm  is  also  found.  A 
distinct  mouth,  alimentary  canal,  and  a  system  probably 
homologous  with  the  water-vascular  system  of  Taeniada, 
complete  the  essential  structural  details  of  the  group. 
The  guinea -worm  (FUaria  medinensis),  inhabiting 
tropical  climates,  infests  the  cellular  tissue  of  man, 
particularly  that  of  the  lower  limbs.  The  embryonic 
worm,  which,  when  mature,  attains  a  length  of  several 
feet^  burrows  its  way  under  the  cellular  tissue,  from  which 
it  has  to  be  carefully  extracted  by  coiling  its  length 
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round  some  object^  an  operation  which  the  negroes  ara 
said  to  perform  with  much  skiU  and  dexterity. 

The  Trichina  spiralis  (Fig.  38,  c)  ia  a  form  referable 
to  this  group,  and  which  has  of  late  years  attracted 
especial  notice.  It  is  generally  found  infesting  the 
muscular  tissue  of  the  pig,  large  numbers  of  these 
worms  being  found  in  a  single  muscle,  each  enclosed 
in  a  little  cyst,  in  which  it  lies  coiled  np.  In  this  con- 
dition it  is  sexually  immature  and  incapable  of  repro- 
ducing its  species ;  but  when  the  pork  so  infected  is 
eaten  by  man,  the  active  stage  of  development  is  at  once 
induced.  The  TrichinsB  in  the  human  alimentary  canal 
become  sexually  perfect,  and  the  production  of  young 
in  large  numbers  takes  place  with  amazing  rapidity. 
The  young  Trichinas  thus  produced  bore  their  way 
through  the  tissues  from  the  alimentary  canal  to  the 
muscles,  in  which  they  develop  cysts,  and  in  this  state 
they  remain  quiescent  and  incapable  of  effecting  further 
change.  The  irritation  and  consequent  exhaustion  pro- 
duced by  the  migration  of  the  yoxmg  Trichinse  from  the 
digestive  to  the  muscular  system,  being  frequently  pro- 
ductive in  the  human  subject  of  &tal  results. 

The  Gordius  aquatictis  represents  the  (6)  Gordiacea  or 
''hair-worms,"  which  are  so  named  from  their  attenuated 
hair-like  appearance.  These  worms  inhabit  the  bodies 
of  various  insects.  The  {c)Aeant?ioeep?iala  or  *' thorn- 
headed"  worms  are  represented  by  the  EcJiinorhynehuSy 
which  inhabits  the  digestive  tract  of  various  vertebrata, 
birds  and  fishes  being  the  forms  more  especially  sub- 
jected to  its  visitations.     The  proboscis  is  provided 


with  hooks,  by  means  of  which  the  wonn  adheres  to 
the  moGons  membrane  of  the  intestine. 

Order  3.  Rotifera. — The  Botafeia  are  microscopic 
aninialcnlee,  inhabiting  firesh  water  pools,  and  distin- 
guiahed  by  the  posBeesion  of  "  an  anterior  cUiated  disc," 
capable  of  protrosion  and  retraction,  the  vibratory  move- 
menta  of  the  cilia  with  which  the  disc  ia  famished  giving 
the  observer  to  suppose  that  he  sees  a  rotating  wheel,  and 
from  this  circumstance  the  fiuuiliar  name  of  "Wheel- 
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auinulcules  "  has  been  derived.  The  fonction  of  this 
ciliated  disc  ia  of  a  twofold  nature,  its  action  subaerving 
the  locomotive  fonction,  and  also  creating  cuirenta  in 
the  Borronnding  water,  by  which  food-particles  are 
drawn  towards  the  oral-  aperture.  The  Botifeia  may 
exist  either  aa  iiee  awimihing  organisms,  or  as  fixed 
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forms ;  the  Hydatina.  aenta  (Fig.  39,  B),  exemplifying 
the  former  variety,  whilst  the  Btephanoceros,  or  ^'  Crown 
animalcule"  (Fig.  39,  A),  represents  the  latter  forms. 
The  males  are  of  small  size  as  compared  with  the  female 
Sotifera,  in  which  the  typical  stracture  of  the  group 
must  needs  be  examined. 

The  Hydatina,  one  of  the  best  known  forms,  may 
well  exemplify  the  structural  features  of  the  order. 
The  body  in  Hydatina  is  somewhat  of  an  ovate  form, 
and  exhibits  distinct  annular  or  ring-like  markings.  The 
anterior  extremity  bears  the  ciliated  rotary  discs  (Fig. 
39,  B,  a  h),  whilst  the  posterior  extremity  is  prolonged 
to  form  an  abortive  tail,  which  in  some  instances  is  fur- 
nished with  rudimentary  prehensile  organs  (forceps,  m), 
or  with  a  suctorial  disc.  The  mouth  opens  at  the 
inferior  portion  of  the  rotating  disc,  and  leads  into  a 
dilated  pharynx,  furnished,  in  the  case  of  the  females 
only,  with  a  complicated  masticatory  apparatus  (e). 
The  pharynx  is  continued  inferiorly  into  an  oesophagus  («) 
and  stomach  (g),  from  whieh  an  intestine  is  given  off, 
to  terminate  in  a  ''  cloaca"  (A;),  which  also  receives  the 
efferent  ducts  of  the  generative  organs,  and  from  which 
the  water-vascular  system  (I)  takes  its  origin.  This  lat- 
ter system  is  represented  by  a  '^ contractile  vesicle" 
opening  from  the  "  cloaca,"  and  from  this  vesicle  two 
tubes  proceed,  which  pass  to  the  anterior  extremity  of 
the  body,  to  terminate  in  caecal  or  blind  prolongations. 
The  function  of  this  system,  as  in  the  other  forms,  is 
probably  respiratory ;  but  it  is  believed  to  act  as  an 
excretory  apparatus  also.    'The  nervous  system  consists 
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of  a  gangUonic  mass  (i),  situated  anteriorly,  and  near 
tlie  gullet  A  minute  pigment-cell  (ocellus),  to  which 
the  function  of  sight  has  been  allocated,  rests  upon  and 
derives  its  nervous  supply  from  the  ganglion.  The 
generative  organs  (h)  occupy,  in  both  sexes,  no  incon- 
siderable portion  of  the  body-cavity ;  the  male  Botifer 
being  essentially  ''  a  locomotive  testia"  The  oviducts 
tenninate,  as  previously  remarked,  in  the  ''cloaca.'' 
The  muscular  system  of  the  Eotifeia  exhibits  a  high 
degree  of  specialisation,  the  movements  of  the  disc, 
jaws,  viscera,  and  body  generally,  depending  on  the 
muscular  investments  of  the  various  organs  and  parts. 
The  Botifera  possess  a  r^narkable  power  of  revivi- 
fication, after  existing  in  a  seemingly  lifeless  condi- 
tion for  a  longer  or  shorter  period.  They  may  be  dried 
up  by  the  heat  <^  the  summer  sun,  from  the  pools 
they  inhabit,  and  be  blown  about  by  the  wind  as 
microscopic  specks,  in  the  form  of  dust,  continuing  in 
this' mummified  condition  for  months,  (»  even  years  j 
yet,  upon  the  addition  of  moisture,  they  again  spring 
into  activity,  and  resume  the  functions  of  life  with 
renewed  vigour. 

CuiaBIFICATION  OF  ECHINOZOA. 

Class  L  Echinodebmata. 

CMrder  (a).  Echinoidea,     Ex.  Echinus. 
Order  (b).  Asteroidea.    Ex.  Asterias. 
Order  (c).  Crinoidea,    Ex.  Comatula. 
Order  {d).HolothuToidea.  Ex.  Holothuria. 
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Class  IL  Sooleoida. 

Order  (a).  Plaiyelmia.     Ex.  Tsenia 
Order  (b).  Nematelmia.     Ex.  Ascaris. 
Order  (c).  Roti/era,    Ex.  Hvdatina. 


CHAPTER   Vni. 

ANNULOSA. 
General  Characters  of  Annalosa — Classification — Qephjrrea — 

The  great  bulk  of  Annulose  animalfl  were  formerly 
induded  under  the  old  division  Articviata^  or 
''jointed"  animals  j  and  an  inspection  of  the  external 
appearance  of  a  typical  example  of  this  sub-kingdom — 
such,  as  a  Worm  or  Centipede — at  once  justifies  us  in 
describing  their  bodies  as  composed  of  ''somites," 
zones,  or  segments,  arranged  "  along  a  longitudinal 
axis."  This  appearance  is  described  by  zoologists 
xmder  the  term  "vegetative  repetition  of  parts/'  the 
essential  of  which  definition  consists  in  the  fact  of  the 
segments  being  prototypes  of  each  other;  they  are, 
in  other  words,  constructed  upon  the  same  type  or 
plan.  Such  a  structure  also  exemplifies  the  regular  and 
definite  succession  of  parts,  to  which  the  term  "  serial 
homology"  is  applied. 

A  longitudinal  section  of  a  lypical  Annulose  animal — 
such  as  a  Worm  (Fig.  40,  1) — shows  us  a  distinct 
digestive  system  (p),  completely  differentiated  and  shut 
off  from  the  general  (or  somatic)  cavity  of  the  body, 
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and  ranning  thiough  the  centre  of  the  hodj  in  a  moro 
or  leas  straight  and  defined  oonne.  Superiorly  to  the 
alimentaiy  canal,  and  situated  on  the  **  dorsal "  oir 
hack  surfiEUie  of  the  animal,  we  find  the  "haemal"  or 
hlood-Yascolar  system  (a),  whilst  the  nerrons  system 
(c)  occupies  the  inferior  or  '^Yentral"  aspect  of  the 


Fig.  40l  XoBPBOLOaT  OF  AamjuMA. 

1.   IMagnnn  of  a  typical  aimiilote  animal:    o,  blood-Taacnlar  ajtlan: 

b,  dJgestiTe  syatem;  c,  narrona  ayatem.  2.  Diagiam  of  nerrooa 
ayatem  of  typical  annnloaa  animal  Tiewed  flrom  above,  and  aboviog 
tha  donbla  Tcntral  gangliated  chain.  8.  Tranarenetaection  of^a 
typical  annelida :  a,  blood-vaacnlar  ayaion ;  h,  dlgeaUve  ayatam ; 
e,  nenrona  ayatam ;  d,  branchiae  or  giUa,  bona  on  the  donal  are ; 

c,  "  notopodiam,"  or  "doxaal  oar,"  bearing  a  jointed  fllameat 
(dnhna)  and  briattea  (letK);  /,  "  neoropodlnm,"  or  "Tentral  oar," 
bearing  aimilar  ajypandagea. 

hody.  The  nerrons  system  of  the  Annulosa  presents 
an  exceedingly  characteristic  stmcturey  consisting^  in 
the  typical  forms,  of  a  double  chain  of  ganglia  or 
nerve-centres,  these  latter  being  intimately  connected 
together  by  cords  of  nervous  matter.  Diagrammati- 
cally  represented,  as  in  Fig.  40,  2,  two  ganglia  are  seen 
to  exist  in  the  floor  of  each  segment  of  the  body ;  and 
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from  these  ganglia  as  centres,  nerves  arise  to  supply  the 
adjacent  parts  and  organs.  In  the  higher  forms  the 
tendency  to  specialisation  of  the  nervous  system  is 
vritnessed  in  the  coalescence  and  union  of  the  separate 
ganglia,  a  single  and  compound  nervous  cord  heing 
thus  formed.  The  regularity  of  this  arrangement  of 
the  nervous  system  in  the  typical  Annulose  forms,  it 
may  he  lastly  noticed,  has  heen  included  hy  Professor 
Owen  as  a  special  feature  in  his  definition  of  the 
group,  his  term  Homogangliata  heing  used  as  synony- 
mous with  Annulosa. 

Bespiration  may  he  performed  in  various  ways — ^hy 
external  or  internal  gills,  as  in  the  Sea-worms  and 
Crustaceans ;  hy  air-tuhes  and  pulmonary  or  lung-sacs, 
as  in  Insects  and  Spiders ;  or  hy  the  general  surface  of 
the  hody,  as  in  certain  Worms  and  allied  forms. 

The  Annulosa  are  typically  represented  hy  Worms, 
Centipedes,  Insects,  Spiders,  Crahs,  etc. 

Clasnfieation, — ^The  Annulosa  are  primarily  divided 
into  two  great  sections,  characterised  hy  the  presence 
or  aheence  of  articulated  o];  jointed  limhs  : — 

Section  A.  The  Anarthrapoda,  or  Lower  Annulosa, 
are  represented  hy  the  various  orders  of  worms.  In 
these  forms  true  jointed  Hmhs  are  ahsent,  and  locomo- 
tion is  effected  hf  muscular  contraction  of  the  hody, 
aided  hy  lateral  hristles  and  appendages. 

Section  B.  The  Arthropoda,  or  Higher  Annulosa, 
possess  jointed  limhs,  articulated  to  the  hody.  This 
section  includes  the  Centipedes,  Insects,  Spiders,  and 
Crustacea. 
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Section  A.  Anarthbopoda. 

Under  this  sectioii  two  classes  are  included — 
Class  L    Gephybea.      Ex.    Spoon-worms    {Sipun- 
cuius). 

Class  IL  Annelida.     Ex.  Earthworm  (Lumbricus). 

Class  L  Gefhtrea. — ^In  this  class  are  included  the 
various  species  of  Spoon-worms  (8ipunculoidea}—Bmsll 
worm-like  forms,  which  inhabit  the  sand  of  our 
coasts,  or  seek  protection  in  the  cast-off  shells  of 
certain  mollusca.  They  exhibit  the  essential  annulose 
characteiisticSy  the  body  being  segmented,  and  the 
nervous  system  consisting  of  the  typical  ventral  gan- 
gliated  cord.  Lateral  appendages  are  wanting,  as  also 
are  eyes  and  other  oigans  of  sense.  A  proboscis, 
bearing  the  mouth,  surrounded  by  tentacles,  is  situated 
anteriorly,  the  posterior  part  of  the  body  being  com- 
paratively thick  and  muscular.  In  Fig.  41,  two  of  the 
most  famiHar  forms  included  in  this  group  are  de- 
picted. 


h 

Fig.  41.  OcPHTiuu  (OoBse). 
a,  Syrinx  nudus;  h,  Sipuneulua  punctoHmiMU. 

Class  II.  Annelida. — This  class  is  found  to  be  as 
extensive  as  the  preceding  was  limited.    It  includes 
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the  yarious  kinds  of  Wonns.  The  body  in  general  is 
distinctly  segmented,  each  zone  or  segment  being 
famished  with  locomotive  appendages,  the  degree  of 
perfection,  however,  to  which  these  organs  may  attain, 
varying  considerably  throughout  the  group.  A  de- 
tached segment  of  the  body  of  a  typical  Annelid 
consists  of  two  halves  or  arcs,  named,  from  their 
position,  the  "  dorsal''  and  "  ventral"  arcs  (Fig.  40,  3). 
From  the  sides  of  each  arc  certain  processes,  termed 
"parapodia"  or  "  foot- tubercles "  («/)>  are  seen  to 
arise,  and  of  these,  four  exist  to  each  segment,  two 
being  borne  by  each  arc  of  the  segment.  The  tubercles 
borne  on  the  dorsal  arc  are  termed,  from  their  position, 
'^notopodia"  (e  e)  ;  those  of  the  ventral  half,  from 
their  proximity  to  the  nervous  system,  being  known  as 
** neuropodia "  (//)•  The  terms  "dorsal  oar'*  and 
**  ventral  oar "  are  sometimes  used  synonymously  with 
the  above  names.  £ach  "oar"  or  "parapodium" 
bears  two  distinct  kinds  of  appendages  (Fig.  40,  3): 
firstly,  bristles  or  "  setaa,"  which  form  the  bulk  of  the 
organ;  and,  secondly,  a. soft  tentacular  filament,  to 
which  the  name  of  "cirrhus"  is  applied.  These 
organs  assist  materially  the  process  of  locomotion,  the 
stiff  bristles  serving  to  fix  one  part  of  the  body,  whilst 
the  other  part  is  approximated  to  the  fixed  portion  by 
muscular  contraction. 

The  head  is  generally  differentiated  from  the  other 
segments,  and  in  many  cases  is  furnished  with  eyes, 
antennsB,  and  similar  organs.  The  digestive  system 
includes  a  mouth — ^provided,  in  some  instances,  with  a 
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masticatoiy  apparatus,  or  with  a  protrusible  and  letrae- 
tile  proboscis — ^stomach,  and  intestine,  which  latter  is 
usually  continued  in  a  straight  course  to  the  anus, 
situated  posteriorly.  The  space  (perivisceral  space) 
between  the  alimentary  canal  and  the  waUs  of  the  body 
is  divided  by  a  series  of  vertical  partitions  (Fig.  42,  h) 
into  a  number  of  chambers,  which  communicate  in- 
feriorly  with  each  other.  The  products  of  digestion 
(chylaqueous  fluid)  pass  from  the  intestine  into  these 
chambers,  and  thus  circulate  throughout  the  body. 
By  some  naturalists  this  arrangement  has  been  regarded 
as  homologous  with  the  true  blood-vascular  or  circula- 
tory system  of  higher  forms;  the  so-called  dorsal 
heart,  and  its  connections  (''pseudo-haemal"  system), 
being  considered  as  homologous  with  the  water-vascn- 
lar  system  of  the  Echinozoa. 

The  dorsal  vessel,  or  heart,  which,  in  the  present  in- 
stance, it  may  be  well  to  regard  as  corresponding  to  the 
true  circulatory  apparatus  of  other  forms,  consists  of  an 
elongated  contractile  tube,  by  the  wave-like  contractions 
of  which  the  blood  is  propelled  forwards  into  a  main 
trunk  situated  on  the  ventral  aspect  of  the  body,  and  be- 
low the  nervous  cord.  From  this  latter  vessel  the  blood 
is  conveyed  by  separate  vessels  to  the  branchisD  or  gills, 
and,  after  purification,  is  returned  to  the  dorsal  trunk  by 
vessels  running  parallel  with  the  partitions  which 
divide  the  perivisceral  space  into  chambers,  as  previ- 
ously described.  The  blood  in  Annelida  is  generally  of 
a  red  colour,  but  in  certain  cases  possesses  a  greenish  hue. 

The  respiratory  process  is  subserved  in  several  forms 
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by  the  general  surface  of  the  body,  and  by  ''  saccnli/' 
or  involutions  of  the  integument  In  the  higher  Anne- 
lids, however,  distinct  respiratory  organs,  in  the  form 
of  plume-like  branchisB,  or  gills  (Fig.  40,  3,  d  ^,  are 
found,  these  branchisB  being  borne  on  the  dorsal  arcs  of 
the  segments.  The  perivisceral  spaces  appear,  also,  in 
a  manner  to  subserve  the  respiratory  fanction.  The 
nervous  system  consists  of  the  typical  gangliated  chain, 
the  anterior  ganglia  showing  a  tendency  to  coalesce 
together,  so  as  to  form  a  rudimentary  *'  cerebral"  mass 
or  brain. 
The  class  Annelida  is  divided  into  four  orders : — 

Order  1.  Hirudinea,    Ex.  Leech  (Hirudo). 
Order  2,  Oligochoeta.     Ex.  Earthworm  (Lumhricus). 
Order  3.  Tubicola,     Ex.  Serpula. 
Order  4.  Errantia.    Ex.  Nereis, 

The  two  first-mentioned  orders  are  sometimes  in- 
cluded under  the  term  Abranchiate  Annelidans,  in 
allusion  to  the  abetoce  of  external  branchisB  or  gills. 
These  organs  being  conspicuous  in  the  two  latter  groups, 
they  are  accordingly  known  as  Branchiaie  AnneUdes. 

Order  1.  Hirudinea  (synonyms,  Discophora,  Suctoria), 
The  EUrudinea  are  distinguished  by  the  possession  of 
one  or  more  suctorial  and  locomotive  discs  (Fig.  42,  a,  ^), 
from  which  the  terms  Sudoria  and  Discqphoray  some- 
times applied  to  the  group,  are  derived.  No  lateral 
processes  exists  these  organs,  in  the  present  instance, 
being  modified  to  the  greatest  extent.  The  segments 
of  the  body  are  small  and  closely  set.    The  group  is 
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Tepreaented  by  the  Tarions  kinda  of  Leeches.  The 
mouth,  in  the  typical  and  medicinal  species,  ia  fnr- 
nished  with  a  powerful  mssticatoTy  apparatus,  conatat- 
ing  of  three  ttiaugular  and  finely-serrated  tooth  (Fig. 
42,  b),  which,  together  with  the  anterioi  suctorial  disc, 
render  the  leech  invaluable  for  the  purposes  of  the 
surgeon.  A  muscular  pfaatynx(e)  leads  into  a  large 
and  dilated  stomach  {d  d),  this  viacus  occupying  the 
greater  part  of  the  interior  of  the  body-cavity.     From 


ng.  41.  HiKUDimA.  AnilomT  of  Leecb  (Sofi^ninifn  ^fleinaUt]. 
IRkimer  Jodm.) 
AnleiioT dfio ;  b,  tMtti :  c,  phuyni ;  il,  d,  wrltr ot itomach ;  tm 
Ut«nt  pouehu,  the  moit  anUrloT  pair  of  which  la  mppdacd  to  B 
•em  Uk  runcCIOD  o[  ullvirr  glundi ;  /.  isteitlDa ;  a.  poaterior  lU 
k,  \,  vertlcii  raambnoDiu  puilttou,  ditldiiis  periTUcenl  ipiea  t: 


the  sides  of  the  stomach,  and  communicating  with  it 
by  distinct  apertuies,  a  series  of  blind  or  imperforate 
sacs  (b  e  e)  proceed ;  these  lateral  dilatations  increase 
materially  the  area  of  the  digestive  tract,  and  admit  of 
a  large  quantity  of  blood  being  stored  up.  From  the 
posterior  extremity  of  the  stomach,  a  short  intestine  (/), 
terminating  in  a  distinct  anus,  is  given  oS, 

Kespiration  is  carried  on  by  the  general  sor&ce  of 
the  body,  assisted  by  a  number  of  membranous  "sac- 
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coli,"  or  pouches,  in  tlie  walls  of  the  body,  oyer  the 
surface  of  which  the  blood-yessels  are  thickly  distri- 
bnted.  These  sacculi  communicate  with  the  external 
medium  by  a  series  of  small  openings,  or  "  stigmata." 

Of  the  importance,  from  a  commercial  point  of  view, 
of  the  Medicinal  Leech  {Sangui^uga  officinalis),  nothing 
need  be  said.  The  principal  sources  of  supply  are 
Hungary,  Germany,  and  Kussia.  The  Horse-Leech 
(Hcemqpns)  inhabits  most  of  our  brooks  and  streams  ; 
it  is  unprovided  with  a  dental  apparatus. 

Order  2.  OligochoBta, — Of  this  group  the  Earth- 
worm (Lumbricus)  may  be  selected  as  the  most  typical 
representative.  As  the  name  applied  to  this  order  in- 
dicates, the  lateral  appendages  of  the  body  do  not,  in 
these  forms,  reach  any  great  development,  either  as 
regards  size  or  numbers.  The  appendages  are  not 
borne  on  distinct  tubercles  or  processes ;  they  consist 
of  a  double  row  of  small  bristles,  situated  on  the  lateral 
and  ventral  aspects  of  the  body.  The  zones  or  seg- 
ments are  well  marked;  and  anteriorly,  several  seg- 
ments are  massed  together,  forming  a  thickened  zone, 
connected  with  the  reproductive  process,  and  bearing 
the  name  of  the  "  clitellum  "  or  "  saddle."  The  diges- 
tive system  consists  of  a  mouth,  crop,  gizzard,  and 
intestine ;  the  haemal  system  is  modelled  after  the  type 
of  structure  of  the  preceding  order,  the  circulation  of 
fluid  through  the  body,  by  the  perivisceral  chambers, 
being  also  carried  on  to  great  perfection  in  the  present 
instance.  Respiration  is  effected  principally  by  the 
general  surface  of  the  body,  assisted  by  sacculi  or 
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pouches,  as  in  the  Leech.  Tlie  NaididUe,  of  Freeh-water 
Wonna  mhabiting  our  pouda  and  broolu,  are  alao  in- 
cluded in  this  order. 

Order  3.  Tuhicola.—T\u>  Tnbe-dwelling  Annelidea 
form  the  firat  order  of  the  BrancAiata,  in  which  section 
the  respiratory  organs  exist  in  the  form  of  eztoin&l 
gills.  In  the  present  instance,  these  oi^ans  present  a 
beaatifollj  branched  appearance^  being  situated  at  the 


anterior  extremity  of  the  body,  at  which  port  the 
lateral  appendages  are  also  collected,  these  latter  serving 
in  the  Tnbicola  as  tactile  organs.  The  Tabicola  possess 
the  power  of  secreting  an  external  tubular  inveetment 
in  which  they  enclose  their  bodies,  and  from  which  the 
technical  name  of  the  order  is  derived.  The  tnbes  of 
these  worms  vary  greatly  in  composition.     Thus,  at  the 
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one  extreme,  the  Serptda  (Fig.  43,  a),  a  fEtmiliar  form, 
secretes  a  hard  calcaieons  tube,  whilst  the  Terebella 
(Fig.  43,  b)  constniets  its  habitation  of  grains  of  sand, 
pieces  of  broken  shells,  and  other  heterogeneous  sub- 
stances, which  it  glues  together  by  aid  of  a  glutinous 
secretion  with  which  it  is  provided.  The  head  is 
but  indistinctly  marked,  the  anterior  extremity  being, 
however,  provided  with  tentacles  and  branchisB,  these 
latter  usually  arranged  in  a  spiral  or  crescentic  form. 
The  Serpula  is  the  best-known  example  of  this  group, 
the  hard  calcareous  tubes  of  this  creature  being  found 
on  the  rocks  and  stones  at  low- water  mark,  whilst  the 
beauty  of  the  branchise  in  the  living  animal  renders  its 
observation  and  study  a  matter  of  great  interest  One 
of  the  tentacles  with  which  the  head  of  the  Serpula  is 
fnrmshed,  is  specially  developed,  to  form  a  conical  plug 
(Fig.  43,  a),  with  which  the  open  extremity  of  the  tube 
can  be  closed  when  the  animal  has  withdrawn  into  its 
habitation.  The  Terebella,  with  its  fictitious  tube,  in- 
habits the  sandy  beaches  of  our  coast,  and  is  also  a 
fJEuniliar  object  of  the  sea-shore. 

Order  4.  Errantia. — The  forms  included  in  this 
group  present  a  great  contrast  in  form  and  habits  to 
those  of  the  preceding  order.  The  Errantia  are  &ee, 
and,  as  the  term  indicates,  are  characterised  by  their 
wandering  or  errant  propensities,  these  worms  being 
endowed  with  considerable  locomotive  powers. 

In  this  group,  also,  the  segmentation  is  very  distinctly 
marked,  and  the  lateral  appendages  reach  their  maxi- 
mum development,  these  structures  being  witnessed 
in  the  present  instance  in  their  most  perfect  aspect. 
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The  setee  are  well  developed,  as  also  are  the  filament- 
ous cirrhL  The  segments  of  the  anterior  extremity  of 
the  body  are  for  the  most  part  easily  recognisable,  the 
head  being  in  general  distinctly  marked,  and  famished 
with  eyes,  and  ''  antennae,"  or  feelers,  of  which  oigans 
usually  two  pairs  are  present.  The  mouth  is  in  some 
cases  provided  with  a  protrusible  proboscis  (Fig.  44,  £), 
which  may  be  armed  with  teeth,  the  stomach  and  in- 
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Fig.  44.  Erraktia. 

A,  NereU,  a  ftuniliar  "  Bmnt"  Annelide.  B,  Head  of  KereU,  enlarged,  to 
show  proboscis,  homy  Jaws,  and  tentacles.  C,  Arenieola  piacolomm, 
the  "  lob-worm,**  showing  the  branchial  or  gill-tafta :  the  lateral  ap- 
pendages are  confined  to  the  head. 

testine  running,  as  before,  a  straight  course  through  the 
body.  The  gills  are  large  and  external,  being  borne  on 
the  sides  of  the  dorsal  arcs. 

The  ArenicolidcBy  represented  by  the  Arenieola  pis- 
caiorum  or  "  Lob-worm"  (Fig.  44,  C),  form  the  first  and 
most  familiar  of  the  groups  into  which  the  order  is 
divided.  This  worm  somewhat  resembles  the  common 
Earthworm  in  general  conformation,  but  it  is  much 
larger  than  the  latter  worm,  and  possesses  a  large  rounded 
head,  improvided  with  eyes  or  other  organs  of  sense. 
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The  lateral  appendages  are  small,  and  are  confined  to 
the  heady  whilst  the  bianchisB  are  prominent,  and 
occupy  the  normal  and  typical  position.      The  Lob- 
worm inhabits  the  sand,  burrowing  its  way  under  the 
surface  as  the  tide  recedes,  and  throwing  out  the  refuse- 
matter  of  its  burrow  in  the  form  of  coik  of  sand,  which 
must  be  familiar  to  every  one  who  has  walked  on  the 
sea-beach  at  low-water  mark.     The  Lob- worm  is  largely 
used  by  deep-sea  fishermen  as  bait.    The  NereidcB  form 
a  very  typical  group,  of  which  the  Nereis  (Fig.  44,  A) 
may  be  selected  as  a  ^miliar  representative.     The  seg- 
mentation of  the  body  is,  in  the  present  instance,  most 
distinctly  seen;  the  lateral  appendages  are  large  and 
highly  developed,  and  the  head  is  provided  with  eyes 
and  antennae.    The  branchiss,  however,  are  less  distinct 
than  in  the  previous  instance.     The  Nereis  is  found 
under  the  rocks,  stones,  and  seaweed,  on  all  our  coasts. 
The  Aphroditidce,  represented  by  the  various  species  of 
AphroditcB  or  "  Sea-mice,"  form  the  only  remaining 
members  of  this  group  worthy  of  notice.     The  body  in 
these  forms  is  of  oval  shape,  the  back  being  covered  by 
a  series  of  large  membranous  and  overlapping  plates  or 
scales  (elytra  or  squamae),  attached  to  the  lateral  pro- 
cesses, and  covering  the  branchiae,  to  which  water  is 
admitted  by  the  elevation,  and  expelled  by  the  depres- 
sion, of  these  plates.     The  lateral  processes  are  of  large 
size,  and  fumiehed  with  bristles  and  spines  of  corre- 
sponding dimensions — the  iridescent  hues  and  bnlliant 
lustre  of  these  organs  rendering  the  Aphrodita  an  ob- 
ject of  great  interest  and  beauty. 

L 


CHAPTER  IX. 

ANNULOSA — {Continued.) 

Section  B.  Arthbofoda. 

Arthropoda — General  Characters — Classification — Myriapoda. 

The  second  and  higher  section  of  the  Annulosa  is 
characterised  by  the  presence  of  true  jointed  limbs, 
articulated  to  the  segments  of  the  body.  The  typical 
annulose  appearance  is  in  most  cases  to  be  distinguished, 
although  it  may  be  greatly  modified  in  certain  instances. 
The  Arthropoda  generally  possess  an  outer  support  or 
''  ezoskeleton.''  This  is  well  observed  in  the  chitinous 
or  homy  investment  of  many  insects, — such  as  the 
Beetles, — or  more  typically  in  the  hard  calcareous 
"  shell "  of  the  Lobster  or  Crab.  This  ezoskeleton  gives 
firm  support  to  the  limbs,  and  also  aflfords  attachment 
to  the  muscular  system,  which,  in  many  members  of 
the  group,  attains  a  high  degree  of  development.  The 
digestive  system  tends  to  become  still  more  specialised, 
— ^a  liver  and  other  accessory  glands  being  present  in 
the  higher  forms.  The  circulatory  system  consists  of  a 
well-defined  doisal  vessel  or  hearty  provided  with  valves, 
permitting  of  the  flow  of  blood  in  one  direction — ^to- 
wards the  head — only.  The  respiratory  process  is  sub- 
served in  a  variety  of  ways.     In  the  terrestrial  forms 
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bieathing  is  effected  by  means  of  air-tabes  (trachea), 
which  ramify  thronghout  the  body,  and  communicate 
with  the  external  atmosphere  by  distinct  openings, 
termed  "stigmata"  or  "spiracles;"  or  we  may  find, 
as  in  the  Spiders,  a  combined  arrangement  of  traches 
and  pulmonary  or  lung-sacs.  In  the  aquatic  forms  we 
have  gills  developed,  this  latter  arrangement  being  wit- 
nessed in  highest  perfection  in  the  Crostacea.  The 
nervous  system  consists,  as  before,  of  a  ventral  gangliated 
colnmn,  which,  however,  in  certain  cases  exhibits  a 
decided  tendency— exemplified  by  the  Spiders — ^to  be- 
come farther  centred  and  speciaUsed. 

Classification. — ^The  Arthropoda  are  divided  into 
four  classes, — Myriapoda^  Inseda^  Amehnida,  and 
Crugiacecu  On  comparing  these  groups,  with  reference 
to  their  more  general  characteristics,  we  find  that  their 
differences  may  be  conveniently  classed  under  four 
heads,  namely,  as  r^ards — (a),  the  division  of  the  body 
into  its  various  regions,  of  head,  thorax,  and  abdomen ; 
(b),  the  number  of  legs  ;  (e),  the  presence  or  absence  of 
wings ;  and  (d),  the  nature  of  the  respiratory  apparatus. 

Thus,  in  the  Myriapoda  (represented  by  the  Centi- 
pedes, Fig.  45),  the  head  alone  is  distinct,  the  thorax 
and  abdomen  being  formed  by  similar  segments,  these 
aniTnalfl  in  this  respect  exhibiting  little  advance  upon 
the  Annelida.  The  legs  are  numerous,  wings  absent, 
and  respiration  is  carried  on  by  air-tubes  (trachefle). 

In  the  Inseeta  (Fig.  46),  the  several  regions  of  the  body 
are  distinctly  marked,  the  thorax  alone  bearing  the  1^, 
which,  in  the  adult  form,  never  exceed  six  in  number ; 
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wings  exist  to  the  typical  number  of  four,  these  latter 
being  also  borne  on  the  thorax,  and  respiration  is  per- 
formed by  means  of  tracheae. 

In  the  Arachnida,  or  Spiders,  the  head  and  thorax 
are  united  to  form  a  single  segment,  to  which  the  term 
"  cephalothorax  "  is  applied.  The  legs  are  now  eight 
in  number ;  no  wings  are  developed ;  and  respiration 
may  be  performed  by  trachea  alone,  by  air-tubes  in 
combination  with  pulmonary  or  lung-sacs,  or  by  the 
general  surfeu^e  of  the  body. 

Lastly,  in  the  Cmstacea^  the  head  and  thorax  are,  as 
in  the  preceding  class,  united  to  form  a  *'  cephalothorax," 
the  legs  are  more  than  eight  in  number,  and  are  borne 
by  the  abdominal  as  well  as  by  the  thoracic  segments  ; 
the  respiratory  organs  exist  typically  in  the  form  of 
branchiae  or  gills,  but  the  process  may  be  subserved — 
as  in  the  lower  members  of  the  group — ^by  the  general 
surface  of  the  body. 

Class  L  Myriapoda, — ^The  class  Myriapod%  as  de- 
fined above,  is  of  comparatively  small  extent,  being 
typically  represented  by  the  Centipedes  (Scolopendridce\ 
and  the  Millepedes  (luUdce),  As  the  name  implies,  the 
number  of  locomotive  appendages  is  considerable,  each 
segment — in  the  Millepedes  at  least — bearing  two  pairs 
of  jointed  limbs.  The  body  is  of  elongated  shape,  and 
the  general  form  and  appearance  of  the  Mjrriapoda  may 
be  not  inaptly  compared  to  that  of  a  worm,  having  the 
segments  encased  in  a  chitinous  exoskeleton,  and  pro- 
vided with  jointed  limbs.  The  head  is  furnished  with 
simple  eyes,  and  with  '*  antennae  "  or  "  feelers,"  which, 
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in  the  Myriapoda,  never  exceed  two  in  number.  The 
month  is  famished  with  a  masticatory  apparatus,  allied 
in  structure  to  that  of  certain  insects. 

The  Myriapoda  are  divided  into  two  orders;  the 
ChUopoda  or  "lip-footed"  Myriapods,  represented  by 
the  SecHopendridcB  or  Centipedes ;  and  the  Chilognatha 
or  "lip-jawed"  Myriapoda,  of  which  the  IvlidcB  may 
be  cited  as  characteristic  representatives.  The  Centi- 
pedes possess  a  poison-apparatus,  situated  in  the  neigh- 


Fig.  45.  Htbiapoda. 
•Scolopeiidiia  giganJUa  (reduced). 

bourhood  of  the  mouth,  and  by  means  of  which  they 
are  able  to  inflict  severe  or  even  dangerous  wounds.  A 
South  American  species,  of  considerable  size  {ScolO' 
pendra  giganted)^  is  represented  at  Fig.  45.  The 
lulvs  or  Millepede  is  a  short  cylindrical  worm-like 
creature,  found  under  the  bark  of  trees,  among  damp 
moes,  and  in  similar  situations.  •  It  derives  its  popular 
name  from  the  immense  number  of  feet  with  which  it 
is  provided.  When  alarmed  the  Itdus  possesses  the 
power  of  coiling  its  body  into  a  spiral  form,  the  feet 
being  concealed  within  the  inner  coils  of  the  body. 

The  Myriapoda  resemble  the  Insecta  so  closely  in 
many  points  of  structure,  that  we  must  refer  the  reader, 
for  more  detailed  information  of  these  creatures,  to  the 
description  of  the  next  class. 


CHAPTER   X. 

ANNUL06A — (Continued). 
Abthbopoda«    Class  II.  Insecta. 

Insecta — General  CharacteTS — Metamorphosis  of  Insecta. 

Whilst  agreeing  with  the  general  characters  of  the 
Arthropoda,  the  Insecta  present  certain  peculiarities  in 
stnicture  and  conformation  worthy  of  attention  and 
study.  The  regions  of  the  body  are  distinctly  separated 
from  each  other,  the  three  typical  portions  being  readily 
mapped  out.  The  Jiead  (Fig.  46,  a)  carries  the  organs 
of  sense  (eyes,  antennse,  etc.),  and  in  turn  is  composed 
of  a  definite  number  (five  or  six)  of  segments.  The 
thorax  is  typically  divisible  into  three  somites,  named 
respectively,  from  their  position,  the  protJiorax,  meso^ 
thoraXy  and  metathorax.  To  the  first  or  anterior  seg- 
ment (prothorax\  (Fig.  46,  b),  the  first  pair  of  legs  is 
articulated ;  to  the  middle  segment  (mesothorax),  (c), 
the  second  pair  of  legs  and  first  pair  of  wings ;  whilst 
the  third  pair  of  legs  and  second  pair  of  wings  are 
borne  on  the  third  and  posterior  segment  {meiatharax)^ 
(d).  The  abdomen  (e)  consists  of  Tarious  zones  or  seg- 
ments, more  or  less  movable  upon  one  another,  but 
unfurnished  with  locomotive  appendages.    The  whole 
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stiuctnre  ie  encased  in,  and  suppoited  by,  an  exoakele- 
ton,  formed  of  chitinoos  or  horny  materiaL 

Commencing  with  the  head  or  anterior  segment,  ve 
find  the  "antenna"  or  "feelers"  (Tig.  46,  a)  borne  on 
the  most  conepicaons  part.    These  organs  in  Insecta 


of  uBte ;  b,  "  Piothoai,"  or  Brit 
I,  unylni  Di*t  pair  of  legB  ;  c.  "  Metntboni,"  or 
1  of  Uionx,  cuiytng  MCODd  pile  of  l«ga  and  tUwt  pair 
of  irlDgi.  Khicb  In  tlili  cue  an  convarted  Into  "  elytra  "  or  IhMiUia. 
for  the  pfotecdon  of  tbe  aaooad  pair;  d,  " Hetatfaorai/  or  third 
tboncie  ucmcnt,  bsaiing  ths  third  pair  of  legs  and  laat  pair  ol  trlufi ; 
t,  abdoiBRi,  beuing  t«ntiliuit  appenda^H,  uasd  tor  leproductlon  or  M 


never  exceed  two  in  number,  and  are  supposed  to  sub- 
setre  the  sense  of  touch,  although  it  is  highly  probable 
that  they  may  be  the  seat  of  other  senaea.  The  an- 
tennn  vary  greatly  in  form,  their  shape  ranging  &om  a 
simple  rod-like  strncture,  to  a  branched  and  moet  ela- 
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borate  and  complicated  fonn.     In  structure  they  are 
composed  of  a  number  of  flexible  joints,  and  they 
receive  an  abundant  nervous  supply  from  the  great 
nerve-centres  of  the  head.    From  the  antennas  we  pass 
by  an  easy  transition  to  the  organs  of  vision.     These 
are  of  very  remarkable  construction,  being  for  the  most 
part  compound  in  nature.    The  simple  eyes,  or  "  ocelli," 
with  which  some  insects  are  furnished,  consist  each  of 
a  simple  lens,  supplied  by  a  simple  nervous  filament, 
and  of  these  "  ocelli "  two  or  more  may  be  present. 
But  in  the  compound  eye  an  enormous  number  of  these 
minute  lenses  exist,  each  lens  being  furnished  with  a 
distinct  nervous  filament.    Each  facet  is  of  hexagonal 
or  six-sided  shape,  and  articulates  with  six  similar 
divisions  of  the  eye.     The  number  of  fiEu^ets  thus  aggre- 
gated together  in  the  masses  of  the  compound  eyes, 
reaches  in  many  cases  an  enormous  extent.     Thus,  in 
the  eyes  of  the  House-fly,  4000  of  these  lenses  have 
been  calculated  to  exist ;  the  eyes  of  the  Dragon-fly 
have  been  computed  to  contain  upwards  of  12,000  ; 
whilst  the  number  in  some  Beetles  is  said  to  exceed 
25,000. 

The  mouth,  and  the  various  structures  entering  into 
the  composition  of  the  masticatory  apparatus,  may  be 
examined  next  in  order.  The  structure  and  disposi- 
tion of  parts  in  the  mouth  of  insects  vary  greatly 
throughout  the  group,  but  two  very  obvious  and  con- 
venient types  of  structure  are  to  be  distinguished ;  the 
terms  masHcatory  and  muUorial  being  applied  to  these 
distinct  forms  of  mouth.     As  the  names  imply,  the 
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former  variety  is  adapted  for  masticatory  purposes,  for 
biting  and  crushing  hard  substances  on  which  the 
insects  possessing  this  type  of  mouth  may  feed :  the 
latter  is  specially  suited  for  suctorial  purposes,  being 
adapted  to  the  special  requirements  of  this  latter  class 
of  insects.  Of  the  first  variety  the  Beetles  present 
characteristic  examples,  whilst  the  Butterflies  well 
illustrate  the  second  or  suctorial  type.  The  two  kinds 
of  mouth,  it  must  be  noted,  are  constructed  essentially 
on  the  same  plan  or  type,  in  other  words  they  are 
homologically  similar ;  the  parts  in  the  one  variety  of 
mouth  corresponding  to  the  parts  in  the  other,  though 
differing  in  their  functional  or  analogical  aspect. 

The  masticatory  mouth  consists  of  four  distinct  parts ; 
(1),  a  "  labrum,"  or  upper  lip  (Fig.  47,  1,  a),  bounding 
the  mouth  superiorly  ;  (2),  a  pair  of  strong  jaws,  termed 
" mandibles"  (Fig.  47,  1,  b\  which  constitute  the  prin- 
cipal organs  in  the  masticatory  mouth ;  (3),  a  pair  of 
lesser  and  supplementary  jaws  caUed  "  maxilloB"  (Fig.  47, 
1,  c\  the  office  of  which  is  to  further  chew  and  triturate 
the  food  ;  and  (4),  lastly  a  lower  lip  or  "  labium  "  (c), 
famished  in  most  cases  with  a  pair  of  "  palpi "  (/),  or 
**  feelers,**  and  a  rudimentary  tongue.  The  "  maxillfe  " 
also  bear  one  or  two  pairs  of  jointed  "  palpi,"  termed 
" maxillary  palpi"  (d),  in  contradistinction  to  those 
borne  by  the  ''labium,"  and  which  latter  are  accord- 
ingly named  "  labial  palpi." 

In  the  Suctorial  mouth  the  same  parts  are  to  be 
observed,  but  having  undergone  certain  modifications, 
to  suit  them  for  the  change  of  function.      The  (1) 
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"  labrum "  and  (2)  "  mandibles "  (Fig.  47,  3,  a,  b)  are 
now  greatly  modified,  and  appear  as  mere  rudimentary 
structures.  The  (3)  **  maxilke,"  on  the  contrary,  are 
greatly  elongated,  being  drawn  out  to  form  a  tube  of 
considerable  length,  termed  the  "antlia,"  or  "pro- 
boscis "  (Fig.  47,  2  and  3,  c),  and  which  is  used  in 
a — ^D 


^^:^ 


Fig.  47.  Mouths  of  Ivsxgta. 

1.  Parts  of  the  masticatory  mouth  of  a  Beetle ;  a,  **  labrum,"  or  upper 
lip ;  bf  mandibles ;  c,  maxillse,  bearing  (d)  "  palpi,"  or  organs  of 
touch ;  f ,  '*  labium,"  or  lower  lip,  also  bearing  "  palpi,"  (/>.  2.  Suc- 
torial mouth  of  Sphinx  ligtutri,  seen  in  profile ;  e,  spiral  proboscis 
or  "  antlia,"  formed  by  the  elongated  maztlln  ;  d,  maxillary  palpi ; 
/,  labial  palpi,  greatly  enlarged,  and  modified  to  form  protective 
organs  for  the  proboscis  (c) ;  g^  antenna  ;  ht  eye.  S.  Head  and  mouth 
of  Sphinx  viewed  from  before  (the  figures  refer  to  the  corresponding 
parts  in  1  and  2) ;  a,  labrum ;  b,  abortive  mandibles ;  c,  labium. 

sucking  up  the  juices  of  flowers,  upon  which  these 
insects  principally  subost.  Each  maxilla  is  modified 
to  form  half  of  the  tubular  proboscis,  and  each  half, 
in  turn,  forms  a  sheath  for  an  inner  and  smaller  tube  ; 
the  "  antlia,"  in  reality,  thus  consisting  of  three  tubes, 
two  being  smaller,  and  contained  within  the  larger 
one,  formed  by  the  union  of  the  maxillao.      The  (4) 
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"labium,"  or  lower  lip(e),  is  also  present,  and  the  "  labial 
palpi "  (Fig.  47,  2  and  3,  /)  are  developed  to  form 
rounded  cushion -like  organs,  between  which  the 
"  antlia/'  when  at  rest,  is  coiled  up. 

Various  fonns  of  mouth,  occupying,  structurally,  an 
intermediate  position  between  these  two  principal 
yarieties,  exists  these  latter  partaking  of  the  nature 
of  both  of  the  typical  forms.  Thus,  in  the  Bees  and 
their  allies,  a  characteristic  combination  of  the  masti- 
catory  with  the  suctorial  mouth  is  found.  The 
<<labrum"  and  '^mandibles"  retain  their  original 
size,  the  latter  being  employed  as  true  masticatoiy 
organs  ;  the  "  maxilla "  and  "  labium "  are,  however, 
modelled  after  the  suctorial  type,  the  former  oi^ns 
being  modified  to  form  a  proboscis,  and  the  latter  as 
protective  sheaths  for  the  elongated  **  maxillse."  This 
compound  mouth  is  eminently  adapted  to  the  life  and 
habits  of  these  insects,  the  masticatory  organs  being 
employed  in  the  construction  of  their  nests  and  habi- 
tations, whilst  the  suctorial  organs  are  used  in  the 
collection  of  the  flower-juices  upon  which  these  insects 
liva  In  the  Bugs,  and  also  among  the  Diptera,  repre- 
sented by  the  House-fly,  other  modifications  of  the 
structure  of  the  mouth,  adapted  to  the  particular  habits 
of  the  several  forms,  take  place,  but  these  are  not  of 
sufficient  interest  to  necessitate  description  in  the  pre- 
sent instanca 

Passing  from  the  consideration  of  the  segments  of 
the  head  to  those  of  the  thorax,  we  find  the  anterior 
segment  ("prothorax")  of  this  region  bearing  the  first 
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pair  of  legs.  The  leg  of  an  ineect  consists  of  various 
definite  parts.  Thus  the  first,  or  proximal  joint,  is 
termed  the  "  coxa,''  or  hip.  This  segment  articulates 
with  the  thorax  by  a  universal  joint  which  permits 
of  free  movement  in  almost  any  direction.  To  the 
"coxa"  succeeds  the  "femur,"  or  thigh,  and  next  in 
order  succeeds  the  "  tibia,"  corresponding  to  the  leg  of 
the  higher  animals.  The  "  tarsus,"  or  foot,  forms  the 
distal  portion  of  the  limb,  and  this  latter  division  may 
consist  of  one,  but  usually  of  several  small  segments. 
The  terminal  segments  are  provided  with  a  variety  of 
organs  assisting  insects  in  locomotion.  Thus,  in  some 
species,  hooked  appendages  terminate  the  limbs,  or — as 
in  the  case  of  the  House-fly — ^a  curious  arrangement  of 
membranous  plates,  furnished  with  sucking  discs,  exists, 
the  insects  being  enabled  by  these  means  to  walk  and 
retain  their  position  on  any  surface,  however  plane  or 
smootL  The  "  mesothorax,"  bearing  the  first  pair  of 
wings  and  the  second  pair  of  legs,  introduces  us  to  the 
consideration  of  the  wings,  their  modifications,  and  struc- 
ture. The  typical  number  of  wings  in  the  Insecta  is 
four ;  but  these  organs  may  be  greatly  modified,  or  may 
vary  in  number,  the  structure  and  arrangement  of  the 
wings  affording  the  basis  for  the  classification  of  the 
group.  In  structure,  the  wings  are  composed  of  two 
layers  of  delicate  membrane,  between  which  support- 
ing ribs  or  "  nervures  "  are  situated.  The  "  nervures  " 
are,  in  many  cases,  hollow,  and  thus  form  tubes,  to 
which  air  is  admitted  from  the  respiratory  oi^ans,  the 
result  of  this  arrangement  being  the  due  inflation  of 
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the  wings,  and  their  consequent  and  more  perfect 
adaptation  to  the  purpose  of  flight.  The  modiflca- 
tiona  which  these  organs  undergo  maj  he  summed  up 
under  the  two  heads  of  numher  and  conformation.  In 
the  Diptera  (Fig.  53,  c),  represented  hy  the  House- 
fly, only  two  wings  (the  anterior  pair)  exist,  the  place 
of  the  hinder  pair  heing  supplied  hy  two  filamentous 
bodies,  to  which,  from  a  supposed  use  in  balancing  the 
creature,  the  name  of  ''halteres,"  or  "poisers,"  has 
been  applied.  Again,  in  the  Apterous  Insects  (Fleas, 
etc),  as  implied  by  the  name  of  the  group,  no  wings  are 
developed.  As  regards  conformation,  whilst  the  major- 
ity exhibit  the  ordinary  structure  above  described,  cer- 
tain forms  present  deviations  from  the  usual  type  of 
structure.  Thus,  in  the  Coleqptera,  or  Beetle-tribe, 
the  anteriof  pair  of  wings,  which  are  generally  the 
larger,  are  converted  into  homy  sheaths,  termed 
"elytra"  or  "wing-cases,"  beneath  which  the  pos- 
terior pair  are  covered  and  protected.  In  the  Ortho- 
ptera,  represented  by  the  Crickets,  Grasshoppers,  and 
their  aUies,  the  anterior  pair  of  wings  are  smaller  than 
the  hinder  pair,  and  also  form  "  elytra."  Lastly,  in 
the  Strepsiptera,  a  small  and  unimportant  division  of 
the  class,  the  anterior  wings  are  rudimentary,  their 
place  being  supplied  by  a  pair  of  small  twisted  fila- 
ments, from  the  presence  and  nature  of  which  the 
term  "  Strepsiptera,"  or  "  twisted- winged  "  insects,  is 
derived.  The  "  metathorax,"  or  posterior  segment  of 
the  thorax,  comes  last  in  order,  this  somite  bearing  the 
posterior  pair  of  wings,  and  the  third  and  last  pair  of  legs. 
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The  abdomen  gradually  tapers  towards  its  posterior 
extremity,  which  in  many  cases  is  furnished  with 
organs,  connected  with  reproduction  and  the  deposition 
of  eggs,  or  which  may  serve  as  offensive  weapons.  In  the 
Ichneumon-fly,  Saw-fly  (Fig.  55,  a),  and  many  other  in- 
sects, the  abdominal  appendages  exist  in  the  form  of  ovi- 
positors, or  sharp,  spear-like  filaments,  which  are  used  in 
the  excavation  of  cavities,  in  which  the  eggs  are  depo- 
sited. In  the  Bee  and  its  allies,  these  terminal  organs 
take  the  form  of  a  sting ;  whilst  the  Podurce,  or  "  Spring- 
tails,"  are  provided  with  elastic  bristles,  by  means  of 
which  they  are  enabled  to  take  considerable  leaps, 
this  circumstance  giving  rise  to  the  familiar  name  of 
these  creatures. 

The  digestive  system  of  insects  comprises  the  elabo- 
rate mouth  already  described,  and  fronf  which  the 
oesophagus  or  gullet  (Fig.  48,  b)  is  continued.  Before 
entering  the  true  stomach,  the  gullet  expands  into  two 
dilatations,  the  first  of  which  is  termed  the  "  ingluvies," 
or  "  crop"  (Fig.  48,  c).  This  cavity  appears  to  exer- 
cise but  little  digestive  power  over  the  food,  its  f  auction 
being,  in  all  probability,  limited  to  serving  as  a  tempo- 
rary receptacle  for  the  masticated  nutriment,  previous  to 
its  being  passed  onwards  to  the  second  dilatation  or 
'*  gizzard ''  (d).  The  walls  of  this  latter  cavity  are  of 
considerable  thickness,  and  of  corresponding  muscular 
power.  Homy  plates  or  teeth  are  developed  in  the 
lining  membrane  of  the  cavity,  and  by  the  action  of 
these  oigans  the  food  is  bruised  and  triturated,  and 
otherwise  prepared  for  the  third  cavity,  the  true  "  chy- 


lific  stomach"  (e),  to  which  it  is  next  in  order  con- 
signed. From  this  Uttei  cavity  an  inteBtine  (y  A,  A)  of 
variable  length  is  given 
off:  the  intaatine  being 
comparatively  short  and 
widened  in  the  carni- 
vorous or  flesh-eating 
insects,  and  of  greater 
length  and  oonvolated 
in  tboee  which  feed  on 
a  herbivorons  or  v^e- 
table  diet  The  intes- 
tine terminates  in  a, 
"cloaca"  («),  or  cham- 
ber, which  also  re- 
ceives the  temuDal  i 
ducts  of  the  orinary  (m) 
and  generative  OKFans. 

°  °  Fig.  4S.  DionrtTi  Stbtck  oi 

Sahvaiy  glands  are  ,,  pi,„,^  .^^  ^^h  ,h 
very  generally  present,  ""*  "'•'''*  ""  "p""" 
bat  seem  to  reach  their 
highest  development  in 
those  insects  which  pos- 
sess suctorial  mouths. 
The  hver  is  represented 
by  a  series  of  tubnlar  o^ans(/),  which  open  into  the 
intestine  immediately  below  its  origin  from  the  posterior 
extremity  of  the  stomach.  The  renal  or  urinary  function 
is  in  hke  manner  subserved  by  several  blind  or  cecal 
tubes  (m),  which  enter  the  rectum  or  large  intestine  close 
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above  its  termination  in  the  "  cloaca."  No  trae  absorptive 
system  exists,  the  products  of  digestion  passing  through 
the  walls  of  the  alimentary  canal,  and  thus  circulating 
through  the  sinuses  or  spaces  which  exist  between 
the  various  organs.  Ko  defined  system  of  closed  blood- 
vessels has  been  found,  the  blood  flowing  through  the 
system  by  the  sinuses  or  '' inter- visceral''  spaces  just 
mentioned.  The  circulatoiy  system  is  represented  by 
a  tubular,  contractile,  dorsal  vessel,  furnished  with 
valves,  which  permit  of  the  flow  of  blood  in  one  direc- 
tion only — ^namely,  towards  the  head,  or  anterior  extre- 
mity of  the  body.  The  blood,  entering  the  heart 
through  valvular  apertures  in  its  substance,  is  propelled 
by  the  contractions  of  the  organ  towards  the  head, 
reflux  being  prevented  by  the  valves,  which  open  to- 
wards the  anterior  extremity  only.  Escaping  from  the 
heart  at  the  head,  the  blood  once  more  circulates 
throughout  the  systematic  sinuses,  to  be  returned  to  the 
heart  for  recirculation. 

During  the  systemic  circulation  of  the  blood,  it  is 
exposed  to  the  action  of  the  respiratory  system,  which 
consists  of  a  series  of  tubes,  ramifying  throughout  the 
body,  and  to  which  the  name  of  "  tracheae  "  has  been 
applied.  Air  is  admitted  to  the  respiratory  system  by 
a  definite  series  of  openings  situated  on  the  sides  of 
the  body,  and  termed  "stigmata"  or  "spiracles" 
(Fig.  49,  B,  a  h).  These  apertures,  in  many  cases, 
are  furnished  with  membranous  valves  or  muscular 
apparatus,  by  means  of  which  the  orifices  can  be  closed 
at  the  will  of  the  creature.     The  "spiracles"  open 
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directlj  into  main  trunks  or  trachea,  which  subdivide 
into  smaller  branches — ^a  complete  and  connected  net- 
work of  air*tubes  being  thus  formed  within  the  body 
of  the  insect.  The  ''tracheae"  are  composed  of  two 
membranes,  between  which  an  elastic  spiral  filament 
(Fig.  49,  A)  ia  coiled  up.  By  this  means  the  air-tubes 
are  kept  tense  and  open,  this  arrangement  at  the  same 
time  ensuring  the  ne- 
cessary amount  of  flexi- 
bility and  adaptation  to 
the  movements  of  the 
creature.  Air  is  thus 
introduced  throughout 
the  entire  body  of  the 
insect,  and  the  animal 
rendered  light  and 
buoyant  for  flying.  The 
importance  of  this  ar- 
rangement in  assisting 
the  muscular  move- 
ments of  the  animal,  will  also  be  readily  appreciated.  The 
wings  appear  by  their  motion  to  indirectly  subserve  the 
respiratory  process — air,  as  previously  observed,  being 
admitted  to  these  organs  through  the  hollow  "  nervures  " 
or  supporting  ribs. 

The  nervous  system  of  insects  la  constructed  on  the 
typical  annulose  plan,  previously  described.  The  ''ce- 
phalic "  or  head  ganglia,  in  particular,  are  largely  deve- 
loped— the  large  optic  nerves  supplying  the  eyes  being 
derived  ^m  this  centre. 


B 


Fig.  49.  Rbspibatort  Apparatos  of 
Imbkota. 

A,  Part  of  an  air-tube  (trodkea),  showing  the 
spiral  fibre.  B,  Spiracles  or  stigmata : 
a,  closed  :  h,  open. 
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Metamorphosis  of  Insects, — ^In  the  coutse  of  deve- 
lopment^ and  before  attaining  the  matuie  and  adnlt 
form,  insects  pass  through  a  series  of  more  or  less 
completely-defined  changes,  to  which  the  term  "  meta- 
morphosis" is  applied.  When  winged  and  folly 
grown,  the  insect,  as  a  rule,  does  not  increase  materially 
in  size  or  bulk,  and  hence  we  find  that  a  set  period 
exists,  during  which  the  whole  energies  of  its  being 
are  devoted  to  its  nourishment ;  the  life  of  the  perfect 
insect,  on  the  other  hand,  being  mainly  devoted  to  the 
reproduction  of  the  species.  Whilst  exhibited  to  great 
perfection  in  certain  orders  of  insects,  the  metamor- 
phosis may  in  other  instances  be  considerably  modified, 
and  in  other  cases,  no  metamorphosis  whatever  may  be 
undergone.  Accordingly,  and  so  far  as  their  meta- 
morphosis is  concerned,  insects  may  be  classified  in 
three  groups  or  divisions  : — 

I.  Holometabf)Ia, 
II.  Hemimetabola, 
III.  AmetabokL 

I.  Holometahola,  —  The  Holometabolic  insects  are 
those  which  undergo  a  ''complete"  metamorphosis, 
and  thus  exhibit  the  process  in  fullest  perfection.  Of 
this  section  the  Butterflies  and  Moths  (Lepidcptera), 
may  be  cited  as  familiar  and  typical  examples  ;  and  in 
the  development  of  such  forms  three  defined  stages  are 
observed.  These,  commencing  with  the  first  in  order 
of  development^  are  named — (a)  Larva  ;  (b)  Pupa  or 
Chrysalis;  and  (c)  Imago.    From  the  egg  comes  forth 
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the  larv4,  grub,  or  caterpillar  (1%.  50,  a),  as  it  is 
fkmiliarly  termed — a  vorm-like  creature,  usually  fnr^ 
nished  with  a  number  of  short,  etnnted  feet,  Boae  of 
which  represent  the  true  1^  of  the  future  and  perfect 
insect,  whlM  otbert  of  its  locomotive  appendaf^  are 


HolonvUboUc  or  cdinplete  mfltunorpluwla  of  SOk-motli  (BoHl^yi:  woK] ;  a, 
"laml"  lUga;  6,  "  Pupi'itagB,  ihowing  papa  esdOMil  tn  OOOOOQ  ^ 
e,  "  Imigo,"  oi  perfect  Ijuect, 

merely  chaiscteristic  o^  and  belong  solely  to,  the  larval 
stage  of  its  existence.  The  whole  life  of  the  larva  is 
devotod  to  ite  nutrition,  the  caterpillar  eating  in  the 
most  TOracious  manner,  and  effecting  great  devastation 
among  plants  and  flowers,  by  thus  iqjuring  and  destroy- 
ing the  leaves.  So  rapidly  does  it  increase  in  size  that 
it  moults  or  changes  its  skin  many  times  during  this 
stage  of  its  existence,  to  accommodate  the  increasing 
bulk  of  its  body ;  the  process  of  moulting  being  techni- 
cally   known   as    "  ecdysis."      A   masticatory   mouth, 
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suited  for  biting  and  tritoiating  the  substances  upon 
which  the  larva  feeds,  is  also  characteristic  of  this 
stage.  After  spending  a  longer  or  shorter  period  in 
the  larval  form,  the  embryo  enters  upon  the  next  or 
"  pupa"  stage  (Fig.  50,  b\  which  is  as  characteristicallj 
marked  by  quiescence,  as  the  preceding  stage  was  by 
activity  and  movement.  It  now  lies  inert  and  motion- 
less, or  may  enclose  its  body  in  a  ^  pupa-case "  or 
"cocoon"  of  silky  material,  furnished  by  a  special 
gland  situated  on  the  "  labium,"  and  termed  the  ''  spin- 
neret" Within  the  pupa-case  development  still  pro- 
ceeds, changes  being  wrought  in  the  body  of  the  larva, 
and  for  which  the  preceding  period,  devoted  to  its 
nourishment  and  growth,  has  fully  prepared  it.  After 
the  required  time  has  elapsed,  there  comes  forth  from 
the  pupa-case  a  form  entirely  difierent  from  any  of  the 
preceding — a  perfect  creature,  furnished  with  wings, 
adapted  for  an  aerial  existence,  and  known  as  the 
"  Imago,"  or  perfect  insect  (Fig.  60,  c).  Two  defined 
periods  may  thus'  be  discerned  in  the  above  process. 
The  first  of  these,  termed  the  Nutritive  period,  is 
constituted  by  the  larval  stage  of  the  insect's  existence. 
During  this  period,  as  previously  remarked,  the  energies 
of  the  creature  are  devoted  solely  to  its  nutrition  and 
growtL  The  second  may  be  named  the  Reproductive 
period,  and  is  constituted  by  the  life  of  the  Imago,  or 
perfect  insect,  which,  as  in  the  case  of  the  Butterflies, 
is  characterised  by  the  active  preparation  for  the 
deposition  of  eggs,  and  for  the  other  habits  connected 
with  the  reproductive  process.     The  ephemeral  exist- 
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ence  of  these  creatures  in  the  adolt  form,  renders  such 
lua  arrangement  of  their  life-peiiod  necessary,  the  special 
divisions  ahove  enumerated  heing  distinguished,  each, 
by  its  peculiar  and  characteristic  phases. 

IL  Hemimeiabola, — In  the  Hemimetabolic  or  '^  In- 
complete" metamorphosis,  exemplified  by  the  Grass- 
hoppers, Locusts,  etc.,  three  stages  are  also  to  be  dis- 
tinguished, but  these  differ  widely  from  those  of  the 
preceding  division.  The  chief  and  essential  difference  be- 
tween the  Larva  (Fig.  51,  a),  and  Imago  (c)  of  Hemime- 
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Fig.  61.  MrrAMORPHOBiB  or  Ihsbcta. 

Honimetabolicor  Incomplete  Metamorphosis  of  Orasshopper  (GryUtu  viri- 
diMrimtu) :  a,  "  Lura ; "  b,  "  Papa,",  in  which  the  wings  are  beginning  to 
appear  aa  lobes  on  the  post^or  portion  of  the  thorax ;  e,  **  Imago," 
or  perfect  insect,  characterised  by  the  possession  of  fkiUy-developed 
wings. 

tabolic  insects,  consists  in  the  absence  of  wings  in  the 
former  and  primary  stage ;  these  organs  appearing  in 
the  intermediate,  or  Pupa  stage,  as  small  lobes  (Fig.  51, 
6),  situated  on  the  posterior  part  of  the  thorax.  The 
larva  and  pupa  are  equally  active,  the  quiescent  stage 
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of  the  complete  metaxDorphosis  being  exchanged  in  the 
present  instance  for  one  of  active  moveineni  Modifi- 
cations of  this  form  of  metamorphosis  are  met  with  in 
some  few  cases^  the  most  interesting  of  which  occur  in 
the  development  of  the  May-flies  and  Dragon-flies,  in 
which  insects  the  larvn  are  aquatic  in  their  habits,  and 
do  not  resemble  the  perfect  insect  so  closely  as  is  the 
case  generally  with  Hemimetabolio  forms. 

nL  Ametaboia, — ^These  insects  do  not  undergo  any 
metamorphosis,  the  larva  resembling  exactly  the  per- 
fect insect,  and  only  increasing  in  size  to  the  required 
extent.  The  insects  included  under  this  latter  division 
belong  to  the  Apterous  or  "  wingless*'  orders,  of  which 
the  various  kinds  of  lice  may  be  cited  as  examples. 


CHAPTER  XI. 
ANNUL08A— {C7ofi^tnue(f.) 

Classification  of  Insecta. 

Thb  dasB  Insecta  is  divided  into  twelve  orders,  distin- 
gniahed  from  each  other  principally  hy  the  form,  stnic- 
tare,  and  arrangement  of  the  wings.  Other  features  in 
the  economy  of  insects  may,  however,  be  taken  into 
consideration  in  classifying  the  group ;  thus,  the  struc- 
ture of  the  mouth,  and  the  metamorphosis,  may  also  be 
employed  to  aid  in  expressing  the  relations  of  the 
various  members  of  the  class. 

The  Insecta  are  conveniently  divided,  by  the  differ* 
ences  in  their  metamorphosis,  into  the  three  groups 
already  described,  the  Holometabola^  Hemimetabolc^  and 
Ameiabola;  and  under  each  of  these  three  divisions 
various  orders,  bearing  certain  relations  to  each  other, 
are  comprised. 

Section  A.  Ametahdla. — ^The  insects  included  in  this 
division  do  not  undergo  a  metamorphosis — ^they  are 
Ametabolic  They  are  also  destitute  of  wings  ]  and 
from  this  latter  circumstance  the  three  orders  of  this 
section  are  sometimes  termed  the  Apterous  or  "  wing- 
less^'  Insecta. 
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Order  1.  Anoplura, — The  yarious  kinds  of  lice 
{Pedictdt)  form  typical  representatives  of  this  order. 
The  body  is  flattened,  and  the  legs  are  armed  at  their 
extremities  with  short  claws.  The  head  is  distinctly 
marked,  and  bears  several  simple  eyes  or  "  ocellL" 
The  month  is  constructed  on  the  suctorial  type,  but  is 
also  furnished  with  sharp  bristle-like  oi^gans,  which  are 
analogous  to  the  mandibles  of  the  masticating  moutL 

Order  2.  Mallophaga, — As  implied  by^the  technical 
name  of  this  order,  the  insects  included  in  it  are  also 
parasitic  in  their  habits,  and  feed  on  the  epidermal 
coverings  of  their  hosts.  The  Bird-lice  (PkUopten)  are 
the  most  fiAmiliar  examples  of  the  group.  These  insects 
live  principally  upon  birds,  although  some  species  infest 
mammals  also.  They  cause  the  destruction  of  the  soft 
feathers  and  down  of  birds,  which  they  eat  and  attack 
by  aid  of  the  masticatory  oigans  with  which  their 
mouths  are  furnished. 

Order  3.  Thysanura. — ^The  Thysanura  possess  certain 
caudal  or  tail  appendages,  by  means  of  which  they  are 
enabled  to  make  considerable  leaps — a  circumstance 
which  has  given  rise  to  their  common  name  of  *'  Spring- 
tails.*'  The  Podura,  a  small  insect^  inhabiting  damp 
situations,  such  as  underground  cellars,  is  the  typical 
example  of  the  order.  The  body  is  slightly  elongated, 
and  is  covered  by  plates  or  scales,  which,  under  the 
microscope,  present  a  beautiful  white  or  pearly  lustre. 
The  extremity  of  the  abdomen  is  furnished  with  two 
slender  filaments,  arranged  in  a  fork-like  manner,  and 
by  the  sudden  extensionand  elasticity  of  these  filaments, 
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the  insect  is  enabled  to  spring  with  great  force  and  to 
a  considerable  distance.  The  mouth  is  masticatory,  and 
simple  eyes  are  generally  present. 

Section  B.  Hemimetabola, — ^The  three  orders  of  this 
section  are  characterised  generaUy  by  their  undergoing 
the  ''Incomplete"  form  of  metamorphosis,  the  chief 
peculiarity  of  which  consists  in  the  pupa  being  active 
or  capable  of  movement^  and  in  the  larva  bearing  a 
close  resemblance  to  the  perfect  insect,  but  differing 
from  it  in  not  possessing  wings,  which  are  thus  charac- 
teristic of  the  adult  form. 

Order  4.  Hemiptera,  —  The  wings  of  Hemipterous 
insects  are  four  in  number,  and  for  the  most  part  mem- 
branous ;  in  one  section  of  the  order,  however,  that  of 
the  Heteroptera  or  ''  dissimilar-winged,"  the  inner  half 
of  each  anterior  wing  is  rendered  hard  and  solid  by  the 
deposition  of  chitinous  or  homy  material,  and  from  this 
latter  peculiarity  the  section  has  received  its  technical 
designation.  The  mouth  la  formed  on  the  suctorial 
type,  but  the  mandibles  and  maxilla  exist  in  the  form 
of  sharp  bristle-like  oigans,  by  means  of  which  these 
insects  inflict  punctures  or  wounds  in  the  bodies  of 
other  animals. 

The  Hemiptera  are  subdivided  into  two  sub^orders, 
in  the  first  of  which — ^that  of  the  Homoptera  or  **  simi- 
lar-winged" insects — ^the  Cochineal-insect  {Coccus),  of 
commercial  repute,  the  ''Plant-lice"  {Aphides)^  and 
the  CicadaSy  are  included.  The  anterior  wings  in  this 
section  are  entirely  membranous.    The  Cochineal-insect 


170  ANNULOSA. 

ii  of  great  coDUDercial  importance,  as  fonuBhing  aome 
of  our  finest  red  dyes,  and  alao  tbe  Bubatanoe  known  as 
shell-lac,  and  Thioh  is  extensiTsly  uaed  in  the  arts  and 
manufactures.  Hie  Coceat  forms  an  exception  to  the 
metamoTpIiaBia  of  this  division,  in  that  it  unde^oes 
a  Hdometabclic  oi  complete  metamorphosis.  The 
AjAidet  are  hot  too  well  known,  &om  the  deetraetlTe 
effects  which  thef  produce  in  out  nnneriee  and  gar- 
dens— the  hop,  amongst  man;  other  plants,  suffering 
especially  from  their  visitations. 


mpUfJinf  tiu  order  Hamlpten,  utd  ihoirlDg  tha  into- 

noT  aniunmt  wiiigi. 

The  Heteroptera,  fonning  the  remaining  sub-order, 
BIS  distinguished  by  the  modification  of  the  ving- 
stracturee  previously  mrationed.  The  variona  kinds 
of  bugs  exemplify  this  subordinate  gtoup.  The  Land- 
bugs  (Ceoeorw),  and  the  Water-bugs  {ffydrocorea),  repre- 
Bented  by  the  Water-fiy  or  Water-boatman  (Notoneeta), 
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(Fig.  52,  h\  may  be  dted  as  typical  lepieBentatiyes  of 
this  sub-Older. 

Order  5.  Orthoptercu — ^In^tbis  order  are  indaded  the 
Locusts  (Locustina);  Crickets  {Achetina);  Grasshop- 
pers (Gryllina) ;  and  tdlied  forms.  The  anterior  wings 
are  of  a  coriaceous  or  leathery  consistence,  thus  forming 
*'elytray"  or  "  wing-cases,"  for  the  protection  of  the  pos- 
terior pair,  which  are  folded  longitudinally,  or  after  the 
manner  of  a  fan.  The  mouth  is  of  the  masticatory  de- 
scription, and  of  very  powerful  construction. 

The  Orthoptera  are  divided  into  two  sections,  dis- 
tinguished by  the  conformation  and  corresponding  use 
of  the  legs.  In  the  first  group,  the  legs  are  formed  for 
running,  and  are  of  nearly  equal  size  throughout.  Under 
this  first  subdivision  are  included  the  Cockroaches 
(BlatHna)  and  Earwigs  {Forficulina),  these  and  allied 
forms  being  known  as  CttrsoricU  Orthoptera.  In  the 
second  group  the  hinder  legs  are  developed  to  a  great 
extent,  enabling  the  insects  to  leap  with  great  ease  and 
power.  These  latter  are  accordingly  termed  ScUtaiorialf 
or  leaping  Orthoptera ;  and  of  this  section  the  Locusts 
(Eig.  52,  a\  Crickets,  and  Grasshoppers  (Fig.  51,  c),  form 
typical  examples. 

Order  6.  iVeun^^ero.— -The  wings  of  Neurcpieroua 
insects  are  of  large  siae,  wholly  membranous^  and  ex- 
hibit a  peculiar  reticulated  or  net-work  appearance, 
caused  by  the  interlacing  of  the  numerous  "  nervuies" 
which  support  the  membrane ;  this  latter  peculiarity 
suggesting  the  technical  name  of  the  order.  The  mouth 
is  masticatory. 
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Hie  order  is  represented  by  the  Dtsgon-flies  [LibeUu- 
lida),  (Fig.  63,  a),  May-ffies  (Ephemeridce),  and  White- 
ente  (ZVnnt/itte).  The  Dragon-flies  are  exceedingly 
active  and  Toracioue  in  their  habits,  the  larva  and  papa 
being  aquatic.  Hie  pupa  is  provided  with  a  peculiar 
arrangement  of  the  lower  lip,  oonBisting  of  an  elongated 
shaft,  with  two  movable  segments  or  jawB  attached  to 
its  free  extremity,  this  appsratos  constitating  a  power- 


ful prehensile  organ,  by  means  of  which  the  pnpa  is 
enabled  to  seize  the  insecte  and  larvae  upon  which  it 
exists.  When  at  rest,  this  organ  is  applied  to  the  &ont 
of  the  head,  covering  the  anterior  part  closely,  and 
giving  rise,  from  its  appearance,  to  the  term  "  mask," 
which  has  been  applied  to  it,  Kespiration,  in  the 
transitory  stages  of  the  Dr^on-fl/s  existence,  is  per- 
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formed  by  the  admission  of  water  within  the  body, 
thns  bathing  the  airrtubes,  and  providing  for  the  due 
aeration  of  the  blood  After  passing  the  required 
period  in  this  aquatic  case,  the  imago  emerges  and 
enters  upon  an  active  and  aerial  existence,  leaving  the 
pupa-skin  usually  attached  to  the  stems  of  aquatic 
plants.  The  LihelltUidcB  thus,  in  their  metamorphosis, 
approach  more  closely  than  other  Hemimetabolic  forms 
to  the  Holometabola — the  larva  and  pupa  bearing  less 
resemblance  to  the  perfect  insect  than  is  generally  the 
case  with  the  embiyonic  stages  of  the  present  series. 
The  May-flies  (Ephemeridoe)  derive  their  technical 
name  from  their  brief  and  short-lived  existence.  The 
larva  and  pupa  (as  in  the  preceding  case)  are  aquatic, 
these  forms  being  provided  with  curious  gill-tufts,  for 
the  purpose  of  respiration. 

The  TermitidcB  or  White-ants — ^to  be  carefully  distin- 
guished from  the  ordinary  Ants,  which  belong  to  the 
HyTMnoptera — ^form  typical  examples  of  social  insects, 
these  creatures  living  in  communities,  composed  of 
various  classes  or  grades  of  individuals,  and  duly  regu- 
lated by  fixed  laws.  The  Termites  inhabit  the  tropical 
regions  of  the  world,  and  construct  iiabitations,  usually 
of  conical  shape,  and  composed  of  earthy  material  con- 
solidated and  cemented  firmly  together  by  the  ants. 
Internally,  the  nest,  which  attains  a  height  of  five  or  six 
feet,  is  divided  into  various  suites  of  chambers,  set  apart 
for  distinct  and  special  purposes ;  the  royal  apartments, 
chambers  for  the  attendants,  nurseries,  and  storehouses, 
being  thus  partitioned  off.     A  king  and  queen  govern 
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each  community,  and  are  alone  capable  of  producing  f  er- 
tOised  ova.  The  rest  of  the  community  are  diyided  into 
two  classes— "Working-ants,"  on  which  devolve  the  care 
of  the  young,  and  the  construction  and  repair  of  the 
nest ;  and  secondly,  "Soldier-termites,"  furnished  with 
powerful  jaws,  for  the  defence  and  protection  of  the 
community. 

Section  G.  Holometdbola. — The  metamorphosis  in 
this  section  is  of  the  complete  variety ;  the  larva  being 
free  and  the  pupa  quiescent 

Order  7.  Aphaniptera.—The  Fleas  (Puliddm)  (Fig. 
53,  b)  may  be  cited  as  typical  representatives  of  this 
order,  in  which  the  wings  are  rudimentary,  existing  in  the 
form  of  small  plates  or  lobes  on  the  thoracic  segments. 

The  mouth  is  suctorial,  but  is  furnished  with  lancet- 
shaped  mandibles,  whilst  a  sharp  styliform  filament, 
used  for  piercing  the  skin  of  the  animals  upon  which 
these  insects  exist,  is  also  found. 

Order  8.  Diptera, — ^The  wings  in  this  group,  as  the 
term  Dipterous  would  imply,  are  two  in  number,  the 
posterior  pair  being  rudimentary,  and  represented  by 
two  filamentous  appendages,  supposed  to  be  of  service 
in  balancing  the  insect,  and  hence  called  "  halteres" 
or  "  poisers"  (Fig.  53,  c).  The  prothorax  is  usually 
small,  and  of  limited  size,  whilst  the  head  segpients  are 
large  and  .well-developed.  The  mouth  is  suctorial,  but 
may  also  exhibit  certain  modifications  from  the  typical 
plan  of  structure. 

The  various  kinds  of  Flies  {Muecidai)  and  Gnats  (Cti- 
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Jicidts)  represent  thia  order.  The  larvs  are  familiarly 
known  aa  maggoto,  the  eggs  being  deposited  in  decaying 
and  putraQdng  otgauic  matter,  of  which  these  insects 
are  accordingly  the  great  destroyers  and  removers.  The 
pnpiB  generally  lie  quiescent  within  the  larval  skin. 
The  Crane-fly  (Tipula),  represented  at  c,  Fig.  63,  exem- 
plifies this  order. 

Order  9.  The  Lepidoptera. — ^The  Lepidoptera,  repre- 
sented by  the  butterfliea  and  mothe,  are  distingoished 
by  the  possesaion  of  four  laige  membranons  wings, 


which  are  covered  by  minute  plates  or  scales,  arranged 
in  an  imbricated  or  overlapping  manner;  and  &om 
this  circnmatance  tiie  term  Lepidopterous,  or  "  scale- 
winged"  insecta,  is  applied  to  this  group.  Hie  month 
is  eminently  eoctorial,  and  the  complete  form  of  meta- 
morphoda  is  seen  in  greatest  perfection  amongst  these 
insects.  Tba  Lepidoptera  are  divided  into  two  natural 
gnnips,  distingnisbed  by  their  habits,  as  regards  the 
period  of  the  day  at  which  they  appear  and  fly  about. 


176  ANNULOSA. 

The  Diurnal  or  Day  Lepidqptera,  represented  by  the 
Sutterflies  (Fig.  54,  a),  represent  the  first  of  these 
groups  ;  whilst  the  Moths,  constituting  the  Nodurrud 
Lepidoptera  (Fig.  54,  5),  form  the  second  division. 

The  Lepidoptera  are  sufficiently  familiar,  in  form  and 
appearance,  to  preclude  the  necessity  of  referring  to  their 
general  description.  The  beauty  and  yariety  of  colour 
displayed  throughout  the  order  excite  our  warmest 
admiration,  whilst  their  active  habits  and  graceful  move- 
ments harmonise  effectively  with  their  gay  appearance. 

The  larva  is  generally  of  worm-like  form,  and  is 
normally  composed  of  thirteen  segments.  It  is  pro- 
vided with  a  mouth  fitted — ^unlike  that  of  the  perfect 
insect — for  mastication,  the  mandibles  being  specially 
developed,  and  constituting  powerful  and  efficient  in- 
struments for  chevring  and  triturating  the  leaves  and 
vegetable  substances  on  which  the  caterpillars  feed.  On 
the  '^  labium"  is  situated  the  tubular  '*  spinneret,"  or 
organ  by  which  the  silky  material,  used  in  constructing 
the  ''cocoon,"  is  formed  into  threads,  and  otherwise 
prepared  for  the  formation  of  the  ''pupa -case;"  the 
viscid  secretion  itself  being  furnished  by  two  glands 
situated  internally,  and  with  which  the  "spinneret" 
communicates.  When  engaged  in  constructing  the 
"cocoon,"  this  silk-secretion  is  pressed  out  through 
the  aperture  of  the  "spinneret,"  and,  by  exposure  to 
the  air,  becomes  more  tenacious  and  of  a  firmer  con- 
sistency, and  in  this  form  is  drawn  out  as  a  long 
slender  thread.  The  thoracic  segments  of  the  larva 
bear  sue  legs,  the  feet  of  which  are  furnished  with 
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claws ;  these  thoracic  legs  represent  the  true  legs  of 
the  perfect  insect.  The  ahdominal  segments  also  bear 
a  variable  number  of  short  stunted  legs,  of  fleshy  con- 
sistence,  and  to  which  the  term  '' pro-legs"  has  been 
applied.  The  caterpillar,  as  previously  described,  feeds 
voraciously  on  leaves  and  the  soft  tissues  of  plants,  and 
at  the  proper  period  retires  to  some  sheltered  situation, 
enclosing  its  body  within  the  "pupa-case,"  which 
it  manufactures  from  the  silk-secretion.  The  quies- 
cent or  pupa-state,  although  marked  by  no  outward  or 
visible  signs,  is  nevertheless  characterised  by  the  deve- 
lopment within  the  case  of  the  perfect  form,  which,  in 
due  course,  emerges  from  the  cocoon,  to  enter  upon  a 
new  and  aerial  existence. 

The  Silk-moth  {Bomhyx  mon)  (Fig.  50)  is  certainly 
the  most  important  member  of  this  group.  The  larva 
invests  its  body  with  a  cocoon,  composed  of  the  silk- 
material,  and  in  this  it  passes  the  pupa-stage  of  its 
existence.  The  pupa  is  killed  before  it  pierces  or 
injures  the  cocoon,  and  the  silk  is  then  unwound  as  a 
long  delicate  thread. 

The  larvae  of  the  Jje&f-TollingLeptdopfera  {Tortricina) 
construct  pupa^cases  by  rolling  up  the  edges  of  leaves ; 
and  the  Clothes-moth  {Tinea  sarcitella)  weaves  from 
the  fibres  of  cloth  an  investing  cocoon,  in  which  it 
passes  the  pupa  state. 

Order  10.  Hywenoptera,  The  wings  of  the  Hymen- 
optera  are  four  in  number,  and  are  provided  with  but 
few  **  nervures,"  whilst  these  may,  in  some  cases,  be 
entirely  absent.     The  mouth  is  of  compound  structure, 
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combining  the  easential  porta  of  the  muticatoi;  and 
aactorial  types,  and  ths  extremity  of  the  abdomen  is 
gBQeially  fumialied  with  appendages,  the  functions  of 
which  may,  however,  vary.  Thus,  in  the  case  of  tiia 
Saw-fliee  {PhyUophaga},  (Fig.  fifi,  a),  these  appendages 
take  the  form  of  saw-like  organs,  used  for  cutting 
grooTea  in  the  bark  of  trees,  in  which  situations  the 


Fig.  U.  HniEKDFmu  afd  Couoptib*. 
a  B»M-tr  iSWn  sigait:  ft,  Watar-bntle  (DyNaw  MnvfuaUt) ;  a  "  Hn- 
CDlt*  bwUa  "  (l>inKu(ti  HrraJti'i. 

eggs  ue  deposited  ;  or  in  other  forms  the  oTipositor 
may  assume  the  fonn  of  a  boring  organ  (^ereftra)  ; 
whilst  in  a  third  variety  (Sees),  the  appendages  are 
modified  to  conatitate  a  "  sting"  (ocuZbem). 

The  Hymenoptera  are  represented  by  Beea  (.Ipidtz) ; 
Wasps  (Veapid^);  ijita  {Formieida);  Gall-fUes  {Cyn- 
ipida^;  etc. 

The  Bees,  Wasps,  and  Ants,  are  well  known  for 
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their  social  habits.  A  bee-commimity  consists  of  three 
distinct  grades  or  sections, — the  males,  females,  and 
neatero.  There  is  nsnallj  but  a  single  queen  in  each 
hive,  and  she  produces  the  many  eggs  from  which  the 
succeeding  generation  is  bom.  The  males,  or  drones, 
are  produced  during  the  summer  season,  and  after 
impregnating  the  female,  die,  or  are  ejected  from  the 
hive.  The  workers,  or  neuters,  as  they  are  termed, 
perform  the  labour  of  the  hive,  and  also,  at  the  appro- 
priate season,  tend  and  nourish  the  young  progeny. 

The  Ants  have  long  typified  industry  and  economy, 
and  an  examination  of  their  habits  and  mode  of  life 
amply  justifies  the  high  place  they  hold  in  the  estima- 
tion of  the  poet  and  philosopher.  The  colony  of  ants 
is  made  up,  like  that  of  the  bees,  of  males,  females,  and 
neutexs, — ^the  latter  being,  it  is  supposed,  females  in  an 
imperfect  state  of  development.  The  labours  of  the 
neuters  in  providing  for  the  wants  of  the  other  mem- 
beis  of  the  community,  and  the  great  instinct  exhibited 
in  the  performance  of  all  their  duties,  would  seem  to 
indicate  a  near  approach  to  the  higher  sense  of  reason 
itBel£  Certain  species  of  ants,  it  is  further  said,  cap- 
ture the  pupes  of  other  species,  and  train  these  latter 
up  as  slaves  and  attendants ;  the  labour  and  work  of  the 
community,  in  these  cases,  devolving  upon  the  foreign 
and  enslaved  servitors.  The  Saw-fly  (Sirex)  (Fig. 
55,  a)  is  80  named  from  the  possession  of  the  saw-like 
appendages  beforo  alluded  to.  The  Gall-flies  (Oympa) 
are  to  be  regarded  as  important  from  a  commercial 
point  of  view,  inasmuch  as,  from  the  punctures  made 
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in  the  oak  and  other  trees,  by  the  ovipositors  of  these 
insects,  the  excrescences  known  as  '^  galls  "  spring  forth. 
The  larva  is  contained  within  the  "  gaU/'  on  the  sub- 
stance of  which  it  feeds.  The  ^  galls  "  of  the  oak  are 
those  most  esteemed  for  commercial  purposes. 

Order  11.  Strepsiptera, — ^This  order  merely  requires 
mention.  It  is  of  very  limited  extent,  and  includes 
but  a  few  forms,  found  parasitic  on  Bees,  Wasps,  and 
other  Hymenoptera.  The  males  alone  are  winged  and 
active,  and  the  anterior  wings  are  rudimentary,  their 
place  being  supplied  by  a  pair  of  curious  twisted 
filaments,  from  the  possession  of  which  the  technical 
name  of  the  order  is  derived. 

The  StylopSy  or  Bee-parasite,  is  the  most  familiar 
form  of  this  order.  The  female  exists  in  the  form  of  a 
footless  grub,  furnished  with  a  homy  head,  which  pro- 
trudes from  between  the  abdominal  segments  of  the 
infected  bee.  The  larvae  exist  within  the  body  of  the 
female,  and  upon  attaining  their  full  size  they  escape 
from  the  body  of  the  parent,  to  attach  themselves  in 
turn  to  another  host  Should  the  larva,  however,  be 
a  male,  it  becomes  a  pupa  within  the  larva-skin,  and 
from  this  case  it  emerges  as  the  free,  winged,  and  per- 
fect insect 

Order  12.  Ooleoptera, — ^In  this  order,  of  which  the 
Beetles  are  the  typical  representatives,  the  anterior 
wings  are  of  homy  consistence,  and  form  sheaths  or 
*'  elytra  "  for  the  membranous  posterior  pair,  which  are 
thus  alone  serviceable  for  flight  The  mouth  is  of  the 
masticatory  description,  and  exhibits  that  type  of  struc- 
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tare  in  the  most  perfect  degree ;  whilst  the  hard  chi- 
tinoos  ezoskeleton  is  also  seen  to  advantage  in  the 
present  instance. 

The  common  Water-beetle  (DytiscuB  margiTuUis), 
represented  at  b.  Fig.  55,  and  the  Dynastes  Hercules, 
or  "Hercules  beetle"  (Fig.  55,  c),  afford  examples  of  this 
group.  In  both  figures  the  hard  "elytra"  are  shown, 
the  wings  being  concealed  by  these  "  cases." 

The  number  of  species  included  within  the  limits  of 
this  order  is  very  great  The  Coleoptera  are,  for  the 
most  part,  rapacious  in  their  habits,  feeding  principally 
on  decaying  vegetable  and  animal  matter,  and  thus 
acting  as  important  agents  in  the  removal  of  noxious 
and  putrefying  material 


CHAPTER  XII. 
ANNULOBA — {Continued.) 

Abthropoda.    Class  IIL  A&achniba. 

Oeneial  Characters  of  Arachnida — Classification — Tracbearia — 

Pulmonaiia. 

The  class  Ara^chnida,  although  essentially  distinct  from 
that  of  the  InsedOy  possesses  many  characteristics  in 
common  with  the  latter  group ;  whilst  its  affinities  to 
the  higher  division — ^that  of  the  Crustacea — are  still 
better  marked.  So  fiEir  as  r^ards  their  general  character- 
istics, the  Arachnida  are  distinguished  (a),  by  the  union 
of  the  head  and  thoracic  segments  to  form  a  **  cephalo- 
thorax  ;"  (b\  by  the  number  of  legSy  which  in  the  adult 
state  never  exceed  eight  in  number,  these  organs  being 
borne  by  the  thoracic  segments  only ;  (c),  by  the  absence 
of  wings ;  and  (d),  by  the  nature  of  the  respiratory  appa- 
ratus, which  typically  consists  of  a  series  of  pulmonary 
or  lung-sacs,  combined  with  trachesB,  or  air-tubes.  No 
true  antennse  are  found  in  Arachnidans-— although  ana- 
logous organs  appear  to  exist — and  the  eyes  are  simple 
in  structure.  The  integument  may  be  homy  over  its 
entire  surfiEice,  as  in  the  Scorpions  ;  or  partly  chitinous 
and  partly  soft^  as  in  the  Spiders,  in  which  the  cephalo- 
thorax  is  protected  by  a  homy  investment,  the  abdomen 
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remaining  soft ;  whilst,  in  other  fonns,  the  skin  may  be 
entirely  soft  and  nnpiotectecL 

The  class  is  typically  represented  by  Spiders  and 
Scorpions^  bat  Mites,  Ticks,  and  several  allied  forms, 
are  ako  included  in  the  group. 

The  legs  are  normally  composed  of  seven  joints,  and 
are  usually  terminated  by  claws.  The  feet  are  in  most 
cases  also  famished  with  hairs,  bristles,  and  similar 
appendages — ^these  organs  assisting  the  animal  in  retain- 
ing a  firm  hold  of  any  surface,  and,  in  the  web-spinning 
forms,  aiding  in  the  manufSeusture  of  the  net. 

The  digestive  canal  is  generally  short,  the  mouth 
being  funushed  with  two  pairs  of  jaws,  termed,  as  in 
insects,  mandibles  (Fig.  56,  A  m),  and  maxillgi  (c).  The 
mandibles  of  Arachnidans  are  supposed  to  be  the  homo- 
logues  of  the  antennae  of  the  othei^divisions.  Each  man- 
dible, in  the  Spiders,  bears  at  its  free  extremity  a  hook- 
shaped  daw  or  fsmg  (Fig.  56,  C,  a),  perforated  by  a  canal 
(c),  opening  at  the  point  of  the  ffmg,  and  communicating 
internally  with  a  poison-gland  (e2),  situated  at  the  base 
of  the  mandible.  The  maxillse  are  provided  with  greatly 
developed  palpi  (Fig.  56,  A,  p),  which,  in  the  male 
Spiders,  are  intimately  connected  with  the  reproductive 
system,  but  which,  in  the  females,  are  merely  terminated 
by  hooked  processes.  In  the  Scorpions,  the  maxillary 
palpi  are  terminated,  in  both  sexes,  by  simple  hooks. 
In  the  lower  forms  (Mites,  etc.),  the  mouth  is  constructed 
after  the  suctorial  type,  and  is  suited  for  the  imbibition 
of  the  fluids  upon  which  these  creatures  subsist  The 
oesophagus  is  short,  and  leads  into  a  compound  stomach. 


cooNBting  of  four  membranous  saca,  eacb  of  vhich  ap- 
pears to  prepare  the  food,  in  Bome  degree,  for  the  anc- 
ceeding  organ.  The  intestine,  continued  &om  the 
stomach  in  a  straight  couree,  terminates  in  &  common 
chamber  or  "  cloaca,"  which  also  receives  the  ducts  of 
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certain  tabular  organs,  supposed  to  subserre  a  renal  or 
nrinaij  function.  Saliraiy  glands  and  a  liver-mus  are 
also  in  most  cases  to  be  discerned. 

The  blood-TascuIor  system  consists  of  a  dorsal  con- 
tractile Tessel,  analcgons  to  that  found  in  Insects,  but 
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exhibiting  an  advance  in  structure  on  that  of  the  latter 
group.  From  the  heart,  arterial  trunks  take  their  origin, 
these  vessels  distributing  blood  throughout  the  system, 
whilst  the  venous  or  impure  blood  appears  to  circulate 
through  sinuses  or  spaces  in  the  body,  and  thus  to 
return  to  the  respiratory  organs  for  purification.  After 
purification,  the  aerated  blood  is  returned  to  the  heart 
by  another  and  distinct  set  of  vessels. 

The  respiratory  organs  consist  in  typical  Arachnidans 
of  pulmonary  sacs  or  lung-chambers,  formed  by  an  in- 
volution, or  folding  inwards,  of  the  integument^  and 
communicating  with  the  external  air  by  apertures  situ- 
ated usually  on  the  lower  surface  of  the  body,  and  to 
which  the  term  "  stigmata''  (Fig.  56,  D, «  «)  is  applied. 
The  interior  of  each  sac  is  occupied  by  a  series  of 
"  lamellce,"  or  membranous  plates,  the  fiat  surfaces  of 
which  are  closely  applied  to  each  other,  like  the  similar 
arrangement  of  leaves  in  a  book.  The  minute  capillary 
blood-vessels,  carrying  venous  blood,  ramify  over  the 
surface  of  each  plate,  a  considerable  area  being  thus 
formed  for  the  exposure  of  the  blood  to  the  air,  and  for 
its  due  aeration.  Tracheae  or  air-tubes,  constructed  on 
the  same  typical  plan  as  those  of  insects,  may  exist 
either  separately  or  in  combination  with'  these  pul- 
monary sacs ;  and  in  the  lower  forms  respiration  ap- 
pears to  be  performed  by  the  general  suifiBice  of  the 
body. 

The  nervous  system,  whilst  usually  exhibiting  the 
typical  character  of  a  gangliated  ventral  chain,  showa 
in  certain  forms,  exemplified  by  the  Spiders,  a  tendency 
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towards  the  concentration  and  massing  together  of  the 
nenroua  centres.  In  the  Spiders,  the  nervons  system  is 
accordingly  modified  in  disposition,  and  is  found  to 
consist  of  a  large  compound  ganglion,  sitnated  on  the 
floor  of  the  cephalothorax  (Fig.  56,  E),  and  represent- 
ing the  typical  ventral  chain  found  in  the  Scorpions, 
and  in  other  members  of  the  group.  Thus  the  cerebral 
ganglia  are  depicted  at  e,  and  from  these  lobes  nerves 
arise  to  supply  the  eyes  and  other  organs  of  sense.  At 
a  the  principal  mass  is  observed,  this  ganglion  consisting 
of  the  united  abdominal  ganglia ;  and  from  this  centre 
nerves  {d)  radiate  to  supply  the  adjacent  abdominal 
viscera.  The  thoracic  ganglia  {b  h)  exist  as  fusiform 
bodies  attached  to  the  central  mass;  and  from  these 
latter  the  nervous  supply  of  the  limbs  is  derived.  The 
eyes  vary  in  number  from  two  to  eight,  these  organs 
in  Aiachnidans  being  exclusively  of  simple  structure 
(ocelli).  The  sense  of  touch  is  supposed  to  reside, 
primarily,  i^  the  maxillary  palpi,  the  great  development 
of  which,  in  the  present  instance,  has  been  previously 
alluded  to ;  but  the  extremities  of  the  legs  and  general 
surface  of  the  body  are  in  all  probability  also  endowed 
with  sensibility.  The  sexes  in  Arachnidans,  with  the 
exception  of  the  small  division  of  the  ''Sloth"  or 
''  Bear-animalcules,"  are  situated  in  distinct  individuals. 
The  young  do  not  undergo  a  definite  metamorphosis, 
but  appear  to  moult,  or  cast  their  skins  fr^uently, 
before  attaining  the  mature  and  adult  form. 

Classifioation. — The  nature   of   the   respiratory 
organs  has  been  used  to  divide  the  class  into  two 
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primary  sections,  named  respectively  the  Trachearia 
and  PtUmonaria.  In  the  Trachearia,  respiration  is 
performed  either  by  means  of  air-tubes  (trachese),  the 
stractore  and  disposition  of  which  is  essentially  similar 
to  that  of  insects ;  or  by  the  general  surface  of  the 
body.  Among  the  Pulmonaria,  as  implied  by  this 
term,  the  respiratory  organs  exist  in  the  form  of 
pulmonary  sacs,  which  may,  however,  be  combined 
with  tracheae.  A  further  distinction  is  found  in  the 
number  of  eyes,  which,  in  the  former  division,  never 
exceed  four ;  whilst  in  the  latter  group  they  may  num- 
ber six  or  more. 

SflonoN  I.  Trachearia. — Under  the  Trachearia  are 
included  the  following  four  orders  : — 

Order  1.  Pantopoda  (Pycnogonida), — This  order 
includes  a  few  aberrant  forms,  the  relations  of  which 
have  not  yet  been  definitely  settled.  From  their 
aquatic  habits  they  have  been  termed  '^  Sea-spiders." 
The  Pycnogoniim,  found  as  a  parasite  on  Fishes  (Fig. 
57,  a),  is  the  most  familiar  example,  whilst  other 
members  of  the  gsoup  live  amongst  the  seaweed,  and 
under  the  stones  on  the  beach.  The  abdomen  is  rudi- 
mentary, and  the  legs  are  greatly  developed. 

Order  2.  lAnguatuUna  (Peniastamida). — The  forms 
included  in  this  division  are  of  worm-like  shape,  and 
live  parasitically  in  the  lungs  and  other  parts  of 
mamTnals.  The  typical  representative  of  the  group  is 
the  lAnguatula  (or  Peniasioma)  tcenaides,  found  in  the 
frontal  sinnses,  or  spaces  in  the  frontal  bone  of  the 
dog.    The  legs  are  represented  by  two  anterior  hooks. 
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Order  3.  Tardigrada  (^rc^wca).— The  "  Sloth,"  or 
"Bear-animalcule"  {Macrohiotu8\iQ\m<di  in  the  sand  and 
refuse  of  the  gutters  of  house-tops,  typically  exemplifies 
this  group.  The  legs  are  rudimentary,  and  the  circulatory 
and  respiratory  apparatus  appear  to  be  wanting  in  these 
creatures.  They  appear  to  possess  wondrous  powers  of 
resuscitation,  after  existing  in  a  dry  and  parched  state 
for  an  indefinite  period.  The  Tardigrada  alone,  of  all 
Arachnidans,  are  hermaphrodite. 

Order  4.  Acarina, — ^The  Mites  and  Ticks,  represent- 
ing this  order,  are  for  the  most  part  of  microscopic  size, 
and  exist  principally  as  parasites  on  man  and  the 
higher  animals.  The  abdomen  does  not  exhibit  an 
annulated  or  segmented  appearance,  and  merges  insen- 
sibly into  the  cephalothorax,  the  divisions  of  the  body 
being  thus  indefinitely  marked.  The  legs  are  usually 
well  developed,  the  feet  being  in  many  instances  fur- 
nished  with  tenninal  claws,  whikt  the  body,  geneiaUy, 
is  covered  with  hairs,  bristles,  and  other  appendages. 
The  mouth  is  suctorial,  and  in  some  cases  is  provided 
with  a  "  rostrum"  or  "  beak,"  for  piercing  the  skin  of 
the  animal  upon  which  the  mite  resides. 

The  Common  Mite  (Acarua  damesiicus.  Fig.  57,  c)  is 
the  most  familiar  example  of  the  group,  which,  how- 
ever, also  contains  other  genera,  interesting  from  a 
medical  point  of  yiew,  inasmuch  as  they  are  capable  of 
producing  a  diseased  condition  in  the  indiyidual  upon 
whom  they  exist  Thus  the  Sarcoptea  scdbiei,  or  **  Itch- 
mite"  (Fig.  57,  d)y  causes  the  disease  familiarly  termed 
itch;    and  another   mite  —  Demodex  —  harmless    in 
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character,  Infests  the  follicles  of  the  hmnon  skin, 
from  which  circa  mstance  the  specific  name — foUieu- 
lomm—ii  deriTcd.  The  Ticks  (Ixodes)  (Fig.  67,  6)  in- 
fest many  of  the  lower  animals,  and  retain  theit  hold 
npon  the  akin  by  means  of  the  "  rostrum"  with  which 
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the  month  ia  proyided.     The  dog  and  sheep,  in  parti- 
colar,  are  liable  to  the  attacks  of  these  minute  pesta. 


SBcnoN  n.  Fdlmonaria. — In  this  aection  are  in- 
cluded the  two  lemaining  oiders  : — 

Order  5.  Arfhrogaatra  (Pedipalpt). — The  Artkrogag- 
tra,  represented  by  the  Scorpions  (ScorpionideB),  (Fig. 
S8,  a),  and  allied  forma,  exhibit,  aa  implied  by  the  tech- 
nical name  of  the  group,  an  annnlated  condition  of  the 
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abdomeu.  The  term  Pedipalpi,  sometimes  applied  to 
this  group,  is  indicative  of  the  enlarged  maxillarj  palpi, 
which,  in  these  cieatuiea,  constitute  formidable  piehen- 
sUe  organs  (ehelm) ;  the  nmndiblee  also  being  developed 
to  form  amied  clawe  (ehelieera).  The  Bxtiemily  of  the 
abdomen  is  fumiBhed  with  a  hooked  fang,  at  the  base 
of  which  a  poison-gland  is  situated.  The  skin  is  haid 
and  chitinous,  an  exoskeleton  being  thus  fonned.     The 


"  stigmata  "  (E%.  66,  D,  a),  to  the  nomber  of  eight,  are 
placed  on  the  ventral  or  abdominal  surface  of  the  first 
four  abdominal  segments,  and  communicate  with  eight 
pulmonary  sacs,  the  topical  structure  of  which  has  been 
already  noticed. 

Scorpions  inhabit  the  warmer  regions  of  the  eaitfa, 
and  are  justly  dreaded  on  account  of  their  sting,  which 
is  said  to  cause  severe,  if  not  dangerous  symptoms. 
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ClAssified  with  the  present  group — but  sometimes  in- 
cluded as  a  distinct  order  with  the  Trachearia — the 
"Book-scorpions"  (Ckdi/eridce)  are  found.  These  crea- 
tures derive  their  name  from  the  circumstance  of  their 
being  found  amongst  old  books,  and  closely  resemble 
their  more  formidable  neighbours  in  form  and  appear- 
ance. The  *^  Harvest-spiders  "  (PJudanffidce),  with  seve- 
ral other  typical  genera,  are  by  Huxley  classified  with 
the  present  group. 

Order  6.  Araneina, — ^The  true  Spiders,  as  represent- 
ing this  concluding  order,  are  distinguished  by  their 
unsegmented  abdomen,  which  is  *'  connected  with  the 
cephalothorax  by  a  narrow  peduncle/'  The  mandibles 
are  terminated  by  simple  hooks,  and  the  maxillary  palpi 
are  modified  in  the  males  to  subserve  some  part  of  the 
reproductive  process ;  whilst  in  the  females  these  organs 
are,  like  the  mandibles,  terminated  by  hooked  processes. 
Bespiration  is  performed  by  pulmonary  sacs,  in  combi- 
nation  with  trachess.  The  most  distinctive  and  charac- 
teristic feature  of  the  group,  however,  consists  in  the 
possession  of  a  peculiar  apparatus,  by  means  of  which  the 
spiders  construct  a  web  or  net  for  the  capture  of  their 
prey.  This  apparatus  consists  of  four  peculiar  teat-like 
organs,  called  "  spinnerets  *'  (Fig.  56,  B,  a  a),  and  which 
are  situated  at  the  posterior  extremity  of  the  abdomen, 
together  with  two  more  elongated  and  filiform  append- 
ages (5),  these  latter  being,  in  all  probability,  used  to 
direct  the  movements  of  the  thread  in  the  weaving 
process.  Each  ^  spinneret"  is  pierced  at  its  apex  by 
an  immense  number  of  minute  apertures,  and  through 
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these  apertares  the  silky  fluid,  secreted  by  special 
glands  situated  internally,  and  communicating  with  the 
"  spinnerets,"  is  pressed ;  this  fluid  becoming,  on  expo- 
sure to  the  air,  of  a  tenacious  consistence,  so  that  it  is 
capable  of  being  drawn  out  in  fine  threads  or  strands. 
The  many  filaments  furmshed  by  a  singW  "  spinneret^" 
unite  to  form  the  apparently  single  thread  of  each  organ, 
whilst  the  compound  threads  thus  furnished  by  the 
several  ''spinnerets"  are,  in  turn,  united  to  form  the 
main  and  single  filament  used  in  the  construction  of 
the  web.  This  final  thread  is  therefore  of  a  doubly 
compound  nature,  consisting,  firstly,  of  the  four  threads 
furnished  by  the  "  spinnerets,"  each  individual  thread  of 
a  "spinneret"  being,  in  turn,  composed  of  veiy  many 
finer  strands.  The  feet,  maxillary  palpi,  and  filiform 
appendages  of  the  spinnerets,  appear  to  be  the  agencies 
by  means  of  which  the  web  is  fixed  and  constructed. 

The  forms  of  the  web,  and  the  purposes  to  which  it 
is  applied,  are  very  varied  and  interesting.  The  geo- 
metrical web  of  the  common  Garden-spider  (Epeira 
dtadema)  is  familiar  to  all ;  whilst  the  close  fabric 
of  the  domestic  species  {Tegenaria  domestica)  also 
exhibits  another  variety  in  form  and  construction.  The 
Mason-spiders  (Mygale)  (Fig.  58,  h)  excavate  a  nest  or 
pit  in  the  ground,  which  they  line  with  the  silk  secre* 
tion,  and  the  entrance  to  which  is  closed  by  an 
accurately-fitting  lid,  from  which  their  familiar  name  of 
"  Trap-door "  Spiders  is  derived.  The  nets  of  foreign 
genera  are  of  very  strong  construction,  small  birds 
being  sometimes  entangled  in  their  meshes,  whilst  their 
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gorgeous  and  brilliant  hues  equally  attract  the  atten- 
tion of  the  traveller. 

The  Water-spider  (Argyroneta)  lives  at  the  bottom 
of  pools,  where  it  constructs  a  bellHshaped  nest  or 
habitation.  It  is  a  direct  atmospheric  breather,  and 
frequently  ascends  to  the  surface  of  the  water  for 
this  purpose^  carrying  with  it  in  its  descent  a  bubble 
of  air,  entangled  in  the  hairs  with  which  its  body  is 
covered,  and  with  which  it  fills  its  subaqueous  abode ; 
returning  in  a  short  time  to  the  surface  for  a  &esh 
supply. 

In  the  disposition  of  their  nervous  system,  Spiders 
exhibit  the  massing  together  and  coalescence  of  their 
nervous  centres,  before  alluded  to.  And  when  we 
consider  the  tact  and  cunning  exhibited  by  these  crea- 
tures, and  the  artifices  which  they  resort  to  in  the  con- 
struction of  their  net,  the  capture  of  prey,  and  the  due 
storing  of  their  food,  we  cannot  feel  surprised  at  this 
tendency  to  centralisation  of  the  nervous  centres,  but, 
on  the  contrary,  regard  the  increased  specialisation  as 
prepared  to  meet  the  demand  for  nervous  power,  ade- 
quate to  the  performance  of  these  higher  functions. 


CHAPTER  Xin. 

ANNULOSA. — (OoniinuecL) 
AfiTHROPODA.    Clasb  IY.  Cbustaoka. 

General  CharBcten  of  CroBtacea — Claasificatioii — Orders  of 

Cmstaoea. 

Thb  three  preceding  classes  of  ihe  Arthropoda  are 
terrestrial  in  their  habits  ;  the  Onukuxa^  constitating 
the  fourth  and  highest  diTision,  differ  from  the  other 
groups^  in  that  they,  for  the  most  part,  lead  an  aquatic 
life,  breathing  the  air  through  the  watery  medium,  by 
means  of  branchisB  or  gills.  The  annulose  or  seg- 
mented character  of  the  body  is  generally  well  marked. 
Ab  in  the  Arachnida,  the  head  and  thorax  are  amalga- 
mated to  form  a  "  cephalothoraz/  whilst  loGomotLve 
appendages  are  borne  by  the  abdominal,  as  well  as  by 
the  thoracic  segments :  the  locomotive  appendages 
exceed  eight  in  number,  and  two  pairs  of  antenna  are 
present ;  these  characters  serving  generally  to  distinguish 
the  Onistacea  from  the  other  groups  included  in  the 
Arthropodous  section  of  the  Annulosa.  The  Crudacea 
are  represented  by  Crabs,  Lobsters,  Barnacles,  Water- 
fleas,  Wood-lice,  and  allied  forms.  Their  bodies,  in  the 
typical  members  of  the  group  at  least^  are  protected  by 
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a  haid  calcaieous  ezoskeleton,  familiarly  known  as  the 
"  shell ;''  and  this  outer  covering  is  wholly  renewed  at 
certain  periods  of  the  creature's  existence,  by  being 
exuviated  or  cast  of^  a  fresh  deposition  of  calcareous 
matter  in  the  soft  integument  giving  rise  to  the  forma- 
tion of  the  new  **  shelL"  Of  the  numerous  locomotive 
appendages  borne  by  the  segments  of  the  body,  those 
of  the  thorax  are  generally  alone  employed  as  true 
walking  limbs;  the  abdominal  appendages  subserv- 
ing various  purposes,  their  most  common  use  being  to 
fasten  and  retain  the  ova  at  the  time  of  fertilisation. 

Hie  digestive,  blood-vascular,  and  nervous  systems, 
retain,  for  the  most  part,  the  Annulose  characteristics, 
the  respiratory  organs,  as  previously  mentioned,  being 
modified  to  suit  the  requirements  of  the  aquatic  habits 
of  the  class. 

Classification. — The  Crustacea  are  divided  into 
eight  orders  : — 

Order  1.  Cirripedia.    Ex.  Barnacles  (Lepas), 
Order  2.  Entomoatraca.     Ex.  Cyclops. 
Order  3.  Branchiopoda,     Ex.  Daphnia. 
Order  4.  PcecUopoda,    Ex.  King-crabs  {Limvlus), 
Order  5.  Isopoda,    Ex.  Wood-lice  {Oniscus). 
Order  6.  Amphipoda,     Ex.  Sand-hoppers  {Talitrus). 
Order  7.  Stomapoda.    Ex.  Locust-shrimps  {Squilla). 
Order  8.  Decapoda,     Ex.  Lobsters  [Homarus). 

Order  1.  Cirripedia. — ^The  members  of  this  group— 
epresented  typically  by  Barnacles  (Lepadtdce)  and  "Sea- 
corns*'  {BalanidoBy^tae  fixed,  and  attached  in  their 
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adult  condition,  but  are  free  and  undergo  a  metainor- 
pliosis  during  their  young  and  embryonic  atate.  The 
Barnacle  attaches  itself  to  submarine  or  floating  objects, 
by  an  elongated  peduncle  or  stalk  (Fig.  59,  I),  at 
the  free  extremity  of  which  the  body  of  the  ani- 
mal, encased  within  a  "  tnultivalve "  shell,  is  foond. 
The  shell  is  composed  of  five  calcareous  plates  united 


1,  Comuum   Buiuielea  {Lrjuu  anaiifini). 

a.  moutli ;  b,  Htonucb  ;  e^  InCatine ;  d^  looi ;  e,  llTer ;  /,  TttpifMactlTB 
ftppuKtUB ;  fft  tubular  orgvi  connert^d  with  niprodactioa  :  h,  miu- 
colullnbig  of  pwiuncle  or  lUlIt  Tbertipidra  of  "clrrf,"  represent- 
Ing  tho  limbi  of  other  CnutAceaos,  in  alio  npreveoted  Is  Uh  fl^nrv. 
8.  Ailanu,  or  "'  Aoom-shell,"  with  protnutrd  cirri. 

by  a  membrane  ;  and  from  between  the  anterior 
edges  of  the  valves  the  "ciiri,"  or  tentacle-like  fila- 
ments (Fig,  69,  1,  2),  which  represent  the  legs  of  other 
Crustaceans,  protruda  These  "cirri" — from  the  pre- 
sence and  relations  of  which  the  term  CHrripedia  is 
derived — are  twelve  in  number,  and  act  as  prehensile 
organs,  creating  by  their  movements   cnrrents  in  the 
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water,  and  thus  drawing  particles  of  nutrient  matter 
towards  the  month  (Fig.  59,  2,  a),  which  is  situated  at 
the  bases  of  the  ''cirri."  A  masticatory  apparatus 
exists  within  the  oral  cavity,  from  which  an  cssophagus 
leads  to  a  distinct  stomach  (b),  suiroimded  by  the 
voluminous  folds  of  a  large  liver  (e).  The  intestine  (c) 
is  continued  in  a  straight  course  to  the  anus,  which 
opens  superiorly  to  the  moutL  The  circulatory  appa- 
ratus is  of  the  most  rudimentary  description ;  and  the 
function  of  respiration  appears  to  devolve  upon  certain 
tentacular  appendages  situated  in  the  neighbourhood 
of  the  mouth,  the  "  cirri,"  in  all  probability,  also  sub- 
serving the  respiratory  process. 

The  sexes  are  generally  united  in  the  same  indi- 
vidual, the  Cirripedia  being  thus  hermaphrodite,  al- 
though certain  forms,  termed  "  complementary  males," 
appear  from  time  to  time  to  be  developed,  these  latter 
forms  attaching  themselves  to  the  ordinary  Girripedea, 
and  aiding  in  fertilising  the  ova  of  these  hermaphrodite 
individuals.  The  generative  organs  in  Lepae  are  de- 
picted at/.  Fig.  59,  2  ;  and  at  g,  an  elongated  tubular 
organ,  supposed  to  be  intimately  connected  with  the 
reproductive  process,  is  also  seen.  The  ejnbryos,  dur- 
ing the  earlier  stages  of  their  existence,  are  free  and  un- 
attached, and  resemble  closely  in  form  the  adults  of  other 
groups,  more  particularly  those  of  the  Entomostraca, 
They  are  provided  with  natatory  or  swimming  append- 
agesy  by  means  of  which  they  move  actively  through 
the  water,  the  final  stages  in  their  development  being 
marked  by  their  attaching  themselves  to  some  fixed 
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objecti  and  by  the  subsequent  growth  of  the  peduncle 
or  stalk,  characteristic  of  the  adult  form. 

The  Oirripedia  indude  two  fiimilies,  in  the  first  of 
which  the  LepadidcB  (Fig.  59,  1) — ^the  Bamades — are 
contained.  The  Balantdce,fonmng the  second  family,  are 
represented  by  the  Balani  or  **  Sea-acorns/'  which  differ 
from  the  Barnacles  in  that  the  animals  are  sessile, 
and  unprovided  with  stalks,  the  shells  being  attached 
directly  to  the  rocks  or  stones  on  which  they  exist 
The  shell  of  the  BaUmus  (Fig.  59,  3)  consiBts  of  a 
short  conical  structure,  composed  of  six  calcareous 
pieces ;  the  superior  aperture  of  the  shell,  through 
which  the  "  cirri "  are  protruded,  being  protected  by  a 
curious  valvular  apparatus  (operculum),  which  can  be 
opened  or  closed  at  the  will  of  the  creature.  The 
''cirri"  are  specially  developed  in  the  present  instance, 
and,  in  the  absence  of  any  specialised  respiratory  appa- 
ratus, would  appear  to  subserve  the  breathing  function. 
The  *^  Searacoms  "  are  exoeedii^ly  common  around  all 
our  coasts,  studding  thickly  the  rocks  and  stones  at 
low-water  mark. 

Orders  2  and  3.  Eniomostraca  and  Branehiopoda, 
— These  orders  are  closely  related  to  each  other,  and 
include  nearly-allied  forms.  The  general  term,  ^  Water- 
fleas,"  has  been  applied  to  the  representatives  of  these 
groups,  these  creatures  inhabitiug  fresh-water  ponds 
and  lakes.  They  are  generally  of  minute,  often  of 
microsoopic,  sLee,  the  most  familiar  examples  being  the 
Cydqpi  and  Dcgthnia.  The  Gydops  (Fig.  60,  a),  so 
named  from  the  large  and  single  eye  with  which  it  is 
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provided,  is  covered  b;  a  ehellf  "  campsce  "  oi  ahield, 
the  presence  of  this  latter  inTestmeiit  conatitalii^; 
the  chantctoriertic  featim  of  the  Entomoetraea,  or 
"  ehelled  insecta."  The  head  ia  distinctlf  marked, 
as  also  aie  the  ahdominal  s^;menta.  The  aoteiuise 
are  largely  developed,  and  appear  to  be  used  as  nata- 
tory o^aosL  The  re^iiatory  o^jans  are  but  imper- 
fectl;  developed  in  the  ETttomogtraea.  The  repro- 
ductive organs  are,  however,  highly  epecialiaed,  these 
creatnree  poaaesaiiig  as  n-mariTig  fecundity,  and  the 
yonng  passing  through  a  definite  metamoTpbosis. 


The  Branehicpoda  are  ^ioally  represented  by  the 
Daphnia  (Kg.  60,  b),  fiuniliarly  known  aa  the 
"  Branched  -  homed  Water  -  flea,"  The  respiratory 
organa  exist  in  the  form  of  fringed  biancbiee  attached 
to  the  thoracic  appendages,  tiie  dispoeition  of  the 
breaHung-appantiu  f^ving  rise  to  the  technical  name 
of  the  group.  Thb  antennse  are  of  large  aize,  and  are 
branched ;  ^eee  o^ans  in  all  probability  being  used  for 
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The  females  are  of  laige  size  u  compared  with  the 
males,  which  are  also  comparatively  few  in  nombei ; 
die  entire  process  of  teptodnction  and  development 
in  these  creatares  exhibiting  many  featoiea  of  great 


Hie  TrSobila  represent  a  cnrions  oider  of  extinct 
Crastaceons,  the  fossil  remains  of  which  ore  character- 
istic of  the  Pal<Boane,  or  most  ancient  of  the  life- 
periods  of  paheontologists.    The   Calymene  Blumen- 


Flg.  M.  TuLOBni  uni  Edbtpikuu. 


•aOiit,  ■  TriloblU,  tram  tl 


baehii,  depicted  at  Fig.  61,  a,  exempMee  one  of  the 
most  typical  of  Trilobitic  foima.  These  extinct  Crus- 
taceans possessed  close  relations  with  the  preceding 
groups.  The  body  was  vertically  divided  into  three 
lobes  or  divisions, — hence  the  name  TrUohtta, — and 
appears  to  have  been  covered  with  a  hard  exoskeleton. 
The  eyes  formed  peculiar  features  in  the  organisation  of 
these  creatures,  these  organs  exhibiting  a  compound 
itmctnte,  similar  in  character  to  that  described  in  the 
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case  of  certain  insects.  From  their  iiequent  occur- 
rence in  Palaeozoic  formations,  wa  infer  that  the 
Trilobites  must  have  existed  in  immense  mnltitudes 
in  those  ancient  seas,  and  that  they  must  have  chiefly, 
if  not  solely,  represented  Crustacean  life  in  the  early 
life-period  of  which  they  are  characteristic  fossiK 

Older  4.  Pcecilopoda  (Meroetomata). — The  Limttli,  or 
"  King-crabe"  (Fig.  62),  sometimea  included  in  another 


Fig,  M.  PmiLoroiu. 
A,  Dadtmn&M  of  "  Klug-cnb  '  (Umiltu  jwlypSemtii) ;  a  a  a,  eanpuc 
h  ^.  IhoTU  ^  c,  cheUte  antanna ;  d,  Dpatalmii,  COT«ing  nproducliw 
oisani  ud  bnucbUl  or  bnathlng  pUtei ;  •>,  moatb.     B,  Doinl 
■fpcct  of  LtanDlm. 

group  under  the  term  Xiphotura,  and  inhabiting  the 
islands  of  the  Eaatem  Archipelago,  are  the  sole  repre- 
Bentatives  of  this  order,  which,  however,  includes  some 
fofliil  forms.  The  anterior  segments  of  the  body  are 
united  to  form  the  convex  "  carapace  "  (Fig.  62,  A,  a  a). 
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inclading  the  ceplialothorax,  and  containing  the  various 
organs ;  whilst  the  posterior  portion  is  elongated  to  form 
a  terminal,  sword-like,  spinous  tail  {teUon)^  from  the 
presence  of  which  the  term  Xiplwsura  or  ^^sword- 
taOed"  Crostaceans  is  derived.  On  the  npper  and 
convex  surface  of  the  **  carapace/'  the  eyes,  which  exist 
in  the  form  of  both  simple  and  compound  organs,  are 
placed,  whilst  the  concave,  or  under  surface,  hears  the 
locomotive  and  other  appendages.  In  the  limulus, 
thirteen  pairs  of  appendages  exist,  and  of  these,  six 
pairs,  in  the  form  of  legs  (Fig.  62,  A),  are  attached 
round  the  margin  of  the  oral  aperture  (m),  the  spines 
with  which  the  basal  or  proximal  joints  of  the  legs  are 
furnished,  subserving  the  function  of  a  masticatory 
apparatus.  Anteriorly,  and  in  front  of  the  mouth,  a 
pair  of  chelate  antennae  (Fig.  62,  A,  e)  are  also  situated. 
The  remaining  feet  are  placed  posteriorly  on  the  abdo- 
minal surface,  and  exist  in  the  form  of  broad  plate-like 
structures  ((2),  to  which  the  brandusB  or  respiratory 
oigans  are  attached. 

The  extinct  group  of  the  Eurypterida  possessed 
close  relations  with  the  preceding  forms.  In  these 
fossil  genera,  however,  the  head  alone  appears  to  have 
been  provided  with  distinct  appendages.  The  two 
genera,  Pterygotus  and  Eurypterus^  are  included  in 
this  group,  the  most  familiar  form,  that  of  the  Ptery- 
gatuB  AnglieuSf  being  depicted  at  Fig.  61,  b,  like  the 
TnlobiieBj  the  Eurf^aterida  are  solely  ohaiacterititic  of 
the  PdUeozoic  life-period. 

Order  5.  Isopoda  (EklriopMhdlfniia).    Of  this  groixp 
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the  Onitetu,  or  Wood-louse  (Fig.  63,  A),  may  be  selected 
as  embodjiiig  its  chaiacteristic  featnrefl.  Tbe  body  ia 
of  oval  shape,  and  diatmctlj  s^mented,  the  head,  bear- 
ing sessile  eyes,  being  easily  Tec(^isable.  The  eeren 
tiioracic  s^ments  bear  each  a  pair  of  limbs,  whilst  the 
Tcapiratory  organs,  in  the  fbrm  of  fringed  branchiss,  are 
attached  to  the  under  sarfkce  of  the  abdominal  eomitee. 


ng,  n.   ItunW^  AUD  AUTBIKIIU. 

A,  Wood-loDie  (Onlni) ;  a.  liud  -.  t,  Uioni ;  c,  ilxloinni.    B,  TalUm 
ttnttia,  tha  Camnum  BuuUiopp«r  foslargedj. 

Ilie  Onucidce  inhabit  damp  situations,  such  as  under- 
gronnd  cellan,  among  leaves,  and  onder  stones.  When 
alarmed  thej  roll  their  bodies  up  into  a  round  ball, 
presenting  a  smooth  chitinoaB  surface,  which  thus  serres 
for  a  coTering  and  defence. 

The  Itopoda,  with  the  succeeding  dirieion  of  the 
AmjAipoda,  are  by  some  authorities  gronped  nnder  a 
comm<m  order,  to  idiick  the  name  at  EdriopktJuUfma,  or 
"  sesBJlo  eyed"  Crustaceans,  is  applied,  in  contradistioo* 
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tion  to  the  PodopMhalmia  or  ''  stalk-eyed"  Crustacea, 
— ^tbe  latter  division  embracing  the  two  remaining 
orders  of  the  Stomapoda  and  Decapoda, 

Order  6.  Amphipoda. — ^The  members  of  this  group 
closely  resemble  the  Isopoda,  but  differ  from  the  latter 
forms,  in  that  the  respiratory  organs  are  attached  to  the 
thoracic  appendages,  the  branchiae  of  the  Isopoda  being 
borne  on  the  abdominal  segments.  The  Talitrua  or 
Sandhopper  (Fig.  63,  B),  and  the  Gammarus  or  Fresh- 
water Shrimp,  represent  the  present  order.  The  head 
is  distinct  from  the  thoracic  segments,  bears  sessile 
eyes,  and  is  provided  with  two  pairs  of  antennae. 

The  Sandhoppers  exist  in  myriads  on  every  sandy 
beach,  and  are  remarkable  for  their  extreme  agility,  the 
limbs  being  especially  developed,  and  enabling  these 
creatures  to  execute  considerable  leaps.  The  Gammarus 
closely  resembles  in  size  and  form  its  marine  neighbour, 
the  Talitrus, 

Order  7.  Stomapoda. — ^This  group,  which,  with  the 
succeeding  order,  is  included  in  the  general  term  Po- 
dophthalmia — ^includes  a  few  forms,  of  which  the  most 
typical  is  the  SquUla  or  Locust-shrimp.  The  legs  num- 
ber six  or  eight  pairs,  and  the  branchia  are  usually 
suspended  from  the  abdominal  segments;  or  these 
organs  may,  in  certain  cases,  be  attached  to  the  thoracic 
somites.  A  characteristic  and  distinctive  feature  is 
formed  by  the  stalked  compound  eyes.  The  Squilla 
resembles,  in  many  points  of  structure^  the  ordinary 
Decapodoua  Shrimps,  from  which^  however,  it  is  to  be 
carefully  distinguished. 


DECAPOD  A.  205 

Order  8.  Decapoda, — ^The  last  and  highest  order  of  the 
Crustacea  includes  Lohsters,  Shrimps,  and  the  yarions 
kinds  of  Crabs.  The  development  of  the  calcareous 
exoskeleton  is  carried  to  its  greatest  extent  in  this 
order,  the  whole  body,  including  the  limbs,  being  en- 
cased in  a  hard  shelly  covering.  The  head  and  thorax, 
consisting,  each,  of  seven  segments — as  in  the  Lobster, 
which  may  be  selected  as  a  typical  example  of  the 
group — are  massed  together  in  a  cephalothorax  (Fig. 
64,  1),  which  is  covered  dorsally  by  a  firm  shield  or 
"  carapace,''  and  terminates  anteriorly  in  a  pointed  pro- 
cess, to  which  the  term  "  rostrum"  or  "  beak"  is  applied. 
The  abdominal  segments,  seven  in  number,  and  consti- 
tuting the  "  tail"  of  the  lobster,  are  articulated  to  and 
move  freely  upon  each  other.  Every  segment  of  the 
body  is  provided  with  appendages,  which,  however  modi- 
fied or  altered  throughout  the  body,  are  easily  referred 
to  the  same  type  or  plan  of  structure;  the  segments 
and  appendages,  in  this  respect,  forming  a  typical 
example  of ''  serial  homology." 

Selecting  an  abdominal  segment — the  third  somite 
exhibiting  the  typical  structure  to  greatest  advantage — 
for  examination,  we  find  the  segment  to  be  composed 
of  a  body  and  appendages.  The  body  consists  of  a 
convex  upper  portion,  to  which  the  name  of  "  tergum  " 
(Fig.  C4,  5,  t)  is  applied,  and  a  slightly  concave  lower 
portion,  termed  the  ^  sternum  "  {s)  ;  the  lateral  line  of 
junction  between  these  plates  being  prolonged  down- 
wards to  form  two  side-plates  termed  "  pleura  "  {jpp). 
The  appendages  are  two  in  number,  and  certain  ter- 
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ninal  parte  are  to  be  noticed  in  connectioii  with  each. 
These  appendages,  known  aa  "  swimnierete,"  consUt 
each  of  a  basal  or  proximal  joint,  articulated  to  the 
Bternum,  and  termed  the  "  protopodite,"  or  "pn>podit«," 


c.  ciDpodlte;  1 
It  (t«lKmJ  deUch«d  from  Iti 
podtloa  oa  the  iLtth  Hgrnent  (3).  t.  Thiid  nbdomiul  tgau 
■boTe.  Ci.  Third  AbdombLid  atgrnent  In  profile,  Bbowlug  Etj  s 
uid  fLppendigu ;  t,  tergnm ;  a,  steniam ;  p  p,  plvuim ;  i^  yr 
tx,  exopodLM;  t%  endopoditfl.  IK  One  or  tii«  third  pair  of  mu 
or  "root-Juna"  |the  lettcn  nfn  to  cornapondtng  puta  In  Fig.  S);  g, 
gUl ;  tp.  epipodite.  7.  OiM  al  Ui«  *B»ud  pili  of  iduUIb  ;  tp,  agi- 
podlte,  known  u  the  "  luphognAthit^.'* 

{x,  x) ;  whilst  this  latter  bears  in  turn  two  distal  or 
termina]  portions,  known  from  their  position  leapect- 
ively  as  the  "  exopodite,"  or  outer  appendage  (bz),  and 
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"  endopodite,"  or  inner  appendage  (en).  So  far  as  the 
other  abdominal  segments  are  concerned,  there  is  no 
difficulty  in  at  once  referring  them  to  the  same  plan  of 
stnicture  as  that  described  in  the  case  of  the  third  seg- 
ment The  appendages  of  the  first  abdominal  segment 
are  but  slightly  modified  in  structure,  the  appendages 
of  this  somite  being  hard  and  calcareous  in  the  male 
animal  (Fig.  65,  r).  The  second,  third,  fourth,  and  fifth, 
present  no  variations  from  the  typical  plan,  but  in  the 
sixth  segment  (Fig.  64,  2)  the  appendages  are  found  to 
undergo  a  marked  development^  and  to  deviate,  in  form 
at  least,  £rom  those  of  the  preceding  joints.  The  "  pro- 
topodite  "  (Fig.  64, 2)  of  the  sixth  segment  ia  enlarged, 
and  gives  attachment  to  the  '^exopodite"  {ez\  and 
"  endopodite  "  (en),  both  of  which  form  broad  expanded 
plates,  contrasting  forcibly  with  their  more  slender 
prototypes  of  the  other  segments ;  this  modified  appara- 
tus constituting,  with  the  last  segment  of  all,  the 
<<  tail-fin  "  of  the  Lobster.  This  seventh  and  last  seg- 
ment of  the  abdomen  (Fig.  64,  3)  is  still  further  modi- 
fied, and  exists  simply  as  a  slightly  conical  plate 
attached  to  the  sixth  segment ;  it  ia  destitute  of  ap- 
pendages, and  termed  the  ''telson."  The  morphologi- 
cal relations  of  this  seventh  somite  are  by  no  means 
satisfactorily  determined,  some  authorities  considering 
it  a  true  segment  destitute  of  appendages,  whilst  others 
regard  it  in  the  light  of  a  solitary  and  modified  ap- 
pendage. 

The  determination  of  the  homologies  of  the  thoracic 
and  head  s^ments  is  by  no  means  difficult,  a  dose 
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ezaminAtion  of  the  yarious  elements  entering  into  the 
composition  of  these  regions  revealing  the  same  typical 
stracture.  The  thoracic  segments  hear  the  true  loco- 
motiye  limhs,  the  "  protopodite "  and  "  endopodite " 
heing  represented  in  the  legs,  and  the  ^'ezopodite  "  being 
undeveloped  These  limbs  are  ten  in  number,  and  are 
borne  by  five  corresponding  thoracic  somites ;  the  two 
remaining  and  anterior  segments  of  this  region  bearing 
"  maxillipedes"  or  "  foot-jaws"  (Fig.  64,  6),  which  latter 
are  merely  modified  Umbs.  The  last  segment  of  the  head 
also  bears  a  pair  of  "  maxillipedes;"  the  homology  of 
the  "  foot-jaws  "  with  the  abdominal  appendages  being 
clearly  traceable.  The  six  remaining  segments  of  the 
head  bear  the  other  and  true  masticatory  organs,  the  two 
pairs  of  antennae  (Fig.  65,  a,  6),  and  the  pedunctdated 
eyes,  the  stalks  of  these  latter  organs  corresponding  to 
the  typical  "  protopodites." 

The  digestive  system  exhibits  a  high  degree  of  speci- 
alisation, the  mouth  being  furnished  with  three  pairs  of 
true  jaws,  in  addition  to  the  "  maxillipedes"  previously 
alluded  to.  As  in  Insects,  an  upper  lip  or  "  labrum," 
and  an  under  lip  or  "  labium,"  exist ;  a  pair  of  man- 
dibles, and  two  pairs  of  maxUlffi,  constituting  the  masti- 
cating apparatus.  The  second  pair  of  maxiUsQ  (Fig.  64, 
7),  whilst  exhibiting  the  typical  structure  previously 
mentioned,  bears  in  addition  a  membranous  flap  or  ap- 
pendage, termed  the  "  scaphognathite"  (Fig.  64,  7,  ep), 
the  office  of  which  is  to  aid  in  the  expulsion  of  the  effete 
water  from  the  respiratory  chamber.  Homologically 
viewed,  the  ''  scaphognathite"  is  known  as  the  "  epipo- 
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dite"  (Fig.  64,  6  and  7) ;  this  appendage  being  borne  by 
the  "  protopodite,"  and  being  also  present  in  the  thoracic 
or  locomotive  limbs,  save  the  last  pair,  and  in  the  foot- 
jawa  and  Tna»illm  The  "epipodites"  of  the  thoracic 
limbs  project  npwarda  and  between  the  gills,  these  latter 
oigana  being  attached  to  the  bases  of  the  legs  (Fig.  6i, 
6,  g).  The  oesophagos  is  short,  and  tenninates  in  an  oral 
stomach  (Fig.  65,  c),  at  the  poeterior  extremity  of  which 
three  strong  calcaieooB  teeth  are  sitaatfld.  Theie  organa 


tig.  <a.  Dumui  or  Lobvikb. 

filnfn-oaophs^nl  guiglloii ;  /  iDtflstliw ;  17,  Bupim-Hophiiewl  guiglkm ; 

pendlsM  of  flnt  ftbdomLiul  Kgrneot,  which  Id  the  nula  ■!«  of  hom^ 
eo9*l*tdBoa  :  *,  ■tomich  ;  <,  pluwd  abore  bnnchLiB  or  gUlB, 

are  set  in  action  bj  an  appropriate  moscnlar  arrange- 
ment, which  is  under  the  control  of  the  creature's  wilL 
The  office  of  this  apparatus  is  nndonbtodly  to  osaiBt  the 
digestive  process  by  farther  tritnrating  and  dividing  the 
heterogeneona  eabstances  upon  which  theee  creatures 
feed.  The  intestine  (/)  is  continued  in  a  siiaight  course 
to  the  anal  opening  (h),  which  is  situated  at  the  base  of 
the  "  telaon."     A  capacious  liver  (o)  exists,  and  certain 
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glandsy  sitaated  in  the  neigkbonrliood  of  the  oosophagnsy 
are  supposed  to  be  analogous  with  the  saliTaiy  glands 
of  higher  forms. 

The  blood-vascular  system  consists  of  a  dorsal  eon- 
tractile  vessel  (Fig.  65yn),  £pom  which  arterial  tmnks  arise 
to  distribute  the  blood  throughout  the  system.  Having 
become  venous  in  character,  the  blood  is  conveyed  to 
the  respiratory  organs  by  venous  channels  or  ''  sinusesy" 
which  exist  between  the  tissues  and  organs^  and  which 
terminate  in  dilatations  at  the  bases  of  the  gills.  From 
these  the  blood  passes  into  the  "  branchiie''  (t),  and, 
after  aeration,  is  returned  to  the  heart  for  re-circulation, 
by  appropriate  sinuses ;  these  latter  terminatiug  in  a 
larger  sinus,  which  communicates  directly  with  the 
heart  by  a  series  of  valvular  apertures. 

The  respiratory  organs  exist  in  the  form  of  conical 
"branchiie"  or  gills  (t),  each  of  which  consists  of  a 
main  trunk  or  stem,  upon  which  numerous  closely-set 
vascular  laminsd  or  plates  are  supported.  The  gills  are 
attached  to  the  basal  joints  of  the  ambulatory  limbs, 
and  are  contained  in  special  cavities  or  chambers,  situ- 
ated under  the  ^carapace,"  and  on  the  sides  of  the 
thoracic  region.  Water  is  admitted  to  each  branchial 
chamber  by  a  posterior  aperture,  and  expelled  by  an 
anterior  aperture,  situated  near  the  oral  openin^^  The 
efferent  aperture  is  guarded  by  the  "  scaphognathite,** 
which,  by  its  movements,  tends  to  sweep  out  the  effete 
water,  and,  at  the  same  time,  to  cause  a  fresh  inflow 
ftom  behind.  A  series  of  stiff  membranous  processes, 
termed  "  flabella" — ^formed  by  the  "  epipodites,"  of  four 
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paiis  of  thoracic  legs — and  which  extend  upwards  be- 
tween the  gills,  also  aid,  by  the  movements  of  the  legs, 
in  the  expulsion  of  the  effete  water. 

The  nervous  system  presents  the  normal  and  typical 
Annulose  characteristics,  consisting  of  a  gangliated 
ventral  chain  (Fig.  65),  liable,  however,  to  occasional 
modifications  in  form  and  disposition  throughout  the 
group.  The  ganglia  in  the  neighbourhood  of  the 
head  and  cssophagus,  &om  their  position,  rank  highest 
in  the  consideration  of  the  nervous  centres.  Thus  the 
nervous  mass  at  ^,  Fig.  65,  situated  above  the  oeso- 
phagus, is  accordingly  termed  the  ''  supra-casophageal " 
or  "  cephalic''  ganglion,  whilst  that  at  e,  placed  below  the 
gullet,  is  known  as  the  ''  infra-cesophageal "  gangb'on. 

Organs  of  sense  are  specially  developed  in  the  Deca- 
poda,  the  eyes  being  of  the  compound  variety,  whilst 
the  auditory  or  hearing  sense  appears  to  reside  in  two 
auditory  vesicles  situated  at  the  basal  joints  of  the 
second  pair  of  antennss.  Two  pairs  of  antennn  exist, 
a  larger  pair  (Fig.  65,  a),  and  a  smaller  pair,  termed 
^^antennules"  (6).  In  these  latter  organs  the  ''proto- 
podite"  is  represented  by  the  common  basal  joint  in 
each  organ,  the  "  endopodite  "  and  ''  exopodite  "  being 
developed,  but  more  especially  and  typically  in  the 
latter  pair. 

The  sexes  exist  in  different  individuals,  the  ova  being 
carried  about  by  the  female,  and  supported  on  the  ab- 
dominal '' Bwimmerets.''  In  certain  members  of  this 
group,  represented  by  the  Crabs,  the  young  pass  through 
a  metamorphosis  before  attaining  the  mature  form ;  the 
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yoong  animBla  in  their  successive  stages^  nstil  of  late 
years,  havliig  been  described  as  distinct  and  independent 
forms,  nndei  the  respective  names  oSZoea  and  Megalopa, 
(Fig.  66,  a  be). 


Fig.  W.  UrtutowtBrmn  ar  Cub, 
ram  of  cnb,  lutowii  u  Zcta  ptliviai :  b,  man  mdnncHl 
■Ugi  of  n  IMmalojia) ;  e,  admiced  lUge  at  b. 

Clabbitication. — The  Deeapoda  aie  divided  into 
thrae  natural  gronps,  distinguished  by  the  fonn  and 
arrangement  of  the  abdominal  or  tail- segments. 

In  the  first  of  these  groups — that  of  the  Afacrura 
or  "Long-tailed"  Decapods — the  abdominal  segments  are 
well  developed,  forming  a  distinct  tail.  The  Lobsters 
and  Cray-fish  {Aiiadd{B),  Shrimps,  and  Prawns  (Cran- 
gonidcB),  represent  this  division. 

The  ATiomura  or  "  Irregolar-tails  "  are  represented  by 
tiie  Paguridm  or  "  Hermit-crabs,"  fonnd  around  onr 
coaste,  ensconced  in  the  cast-off  shells  of  Whelks  and 
other  Mollosca.  Of  this  group  the  Common  "  Hermit"- 
ciab  (Fig.  67)  may  be  selected  as  a  typical  example.   Hie 
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abdomen  is  eoft,  and  unprotected  by  any  calcEtieons  ezo- 
skeleton,  and  hence  the  reason  that  the  creature  seeks 
lefoge  in  the  shelL  The  extremity  of  the  abdomen  ia 
famished  with  radimeutary  feet,  forming  a  sncker-like 
apparatus,  by  means  of  which  the  Hennit-ciab  is  enabled 


"  Bold]sr"  cnti 

to  retain  a  firm  hold  of  the  whorls  of  his  habitation. 
One  of  the  larger  "  chelee "  or  claws  is  developed  to  a 
much  greater  extent  than  the  other,  this  enlarged 
member  serving  to  close  the  aperture  of  tiie  shell,  when 
the  Crab  has  withdrawn  into  its  abode. 

The  Braehyura  or  "  Short-tails,"  represented  by  the 
various  kinds  of  Crabs,  are  distinguished  by  the  rudi- 
mentaij  or  abortive  nature  of  the  abdomen,  this  cir- 
comstance  giving  rise  to  the  technical  name  of  the 
group.    The  body  (cephalothorax)  is  extended  laterally, 
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the  abdomen  fbnning  a  mere  ahorfcened  appendage, 
which  rests  on  the  front  of  the  cephalothoiadc  walL 
The  Common  Crabs  (Canceru2tB),  Spider-crabs  {Afaiadm\ 
and  the  Land-crabs  (Gecarcinidce)y  of  tropical  dimates, 
exemplify  the  most  familiar  members  of  the  group, 
which,  however,  includes  a  large  number  of  species. 


Clabsifioation  of  Annulosa. 

Section  A.  Anarthbopoda. 

Class   I.  Gephtrea.     Ex.  Sipunculus. 
Class  n.  Annbuda. 

Order  (a)  Hirudinea,     Ex.  Hirudo. 

Order  (b)  Oligochceia.     Ex.  Lumbricus. 

Order  (c)  Tubicola.    Ex.  Serpula. 

Order  (d)  Errantia,     Ex.  Nereis. 

Section  B.  Abthropoda. 

Class  I.  Mtriapoda. 

Order  (a)  ChUopodcu     Ex.  Scolopendra. 
Order  (b)  ChUognatha,     Ex.  lulus. 

Class  IL  Insbota. 

J.  1     f^'*^®^  W  -AnoplurcL  Ex.  Pediculus. 

AinrrAnAT.      J  ^^^^  (^)  MaUophagcL  Ex.PhilopteruB. 

V  Order  (c)  Thysanurcu  Ex.  Podura. 
of  Order  (d)  Hemiptera.  Ex.  Notonecta. 
*     <  Order  (e)  Orthoptera.     Ex.  Locusta. 
(.Order  (f)  Neurqptera,  Ex.  Libellula. 


Division  3. 
holombtabola. 
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'Order  (g)  Aphanipiera,  Ex.  Pulex. 
Order  (h)  Diptera,  Ex.  Musca. 
Order  (i)  Lepidoptercu  Ex.  Papilio. 
Order  (j)  Hymenoptera.  Ex.  Apis. 
Order  (k)  Strepsiptera,  Ex.  Stylops. 
^Order  (1)  Coieoptera,     Ex.  Carabus. 


Class  III.  Araohnida. 

r  Order  (a)  Pantopoda.  Ex.  Pycnogonmn. 

Division  1.  J  Oider  (Jb)  Idngtiatulina.  Ex.LmgaatuIa. 

Tbaoheabia.  I  Order  (c)  Tardigrada.  Ex.Macrobiotus. 

(^  Order  (d)  Acarina.     Ex.  Acarus. 

Division  2.    rOrder  (e)  Arihrogastra,  Ex.  Scorpio. 
PuLMONARiA.  (^Oider  (f )  Araneina.  Ex.  Tegenaria. 

Class  IV.  Crustacea. 

Order  (a)  Cirripedia.     Ex.  Lepas. 
Order  (b)  Entomoatraccu     Ex.  Cyclops. 
Order  (c)  Branchiopoda.     Ex.  Daphnia. 
Order  (d)  Poscilopoda,     Ex.  Limulus. 
Order  (e)  laopoda,     Ex.  Oniscus. 
Order  (f)  Amphipoda.     Ex.  Talitrus. 
Order  (g)  Stomapoda,     Ex.  Squilla. 
Order  (h)  Decapoda.     Ex.  Homaros. 


CHAPTEE    XIV. 


H0LLU8CA. 


General  Characters  of  MoUosca — Classification — Polyzoa — 

Tonicata — Brachiopoda. 

Thb  tenn  MoUusca^  derived  from  the  Latin  mollis, 
soft,  expresses  a  general  characteristic  of  the  snb-king- 
dom.  In  the  majority  of  instances,  however,  we  find 
the  soft  bodies  of  the  MoUusca  protected  by  a  hard 
calcareous  exoskeleton,  familiarly  known  as  the  "  shell," 
and  which  is  secreted  by  a  peculiar  membrane,  to  which 
the  term  ^pallium''  or  "mantle''  is  applied.  The 
digestive  system  exhibits  a  high  degree  of  specialisation ; 
salivary  glands,  a  capacious  liver,  and  a  renal  or  uiinaiy 
system,  being  very  generally  represented  throughout  the 
group.  The  circulatory  system  in  the  higher  forms 
consists  of  a  distinct  two-chambered  heart ;  one  cavity 
— ^the  auricle — ^being  devoted  to  the  reception  of  puri- 
fied blood  from  the  respiratory  organs ;  the  other  cavity 
— ^ventricle — propelling  it  through  the  system.  The 
respiratory  apparatus  is  represented  in  the  lower  forms 
by  ciliated  tentacles  or  branchial  sacs;  whilst  in  the 
higher  divisions  of  the  sub-kingdom,  true  gills  or 
*' branchisB,"  and  "pulmonary"  or  lung-sacs,  are  found, 
according  as  the  respiration  is  aquatic  or  aeriaL     The 
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character  and  disposition  of  the  nervous  system,  how- 
erer,  furnish  the  most  characteristic  peculiarity  of 
structure  in  the  consideration  of  the  Molluscan  type. 
Typically^  the  nervous  system  of  the  Mollusca  consists 
of  three  principal  nervous  masses  or ''  ganglia"  (Fig.  78)^ 
connected  together  by  bands  or  ''commissures"  of 
nerve-matter.  Of  these,  the  first  and  most  important 
in  function  and  relations  is  situated  above  the  oeso- 
phagus or  gullet ;  this  first  great  centre  being  accord- 
ingly termed  the  "  supra-oesophageal"  ganglion,  whilst 
its  analogy  with  the  brain  of  higher  animals  procures 
for  it  the  synonymous  name  of  ''cerebral"  ganglion. 
The  second  centre  is  situated  inferiorly,  being  found  in 
the  neighbourhood  of  the  "foot"  or  locomotive  disc, 
and  to  this  latter  the  term  "pedal"  or  "infra-oeso- 
phageal "  ganglion  U  applied.  The  third  mass  is  placed 
superiorly,  and,  from  its  contiguity  to  the  breathing 
organs,  has  been  named  the  "  branchial "  ganglion ;  or, 
from  the  fact  of  its  supplying  with  nervous  filaments 
the  walls  of  the  body  and  the  viscera  generally,  the 
"  branchial "  ganglion  is  sometimes  known  as  the 
"  parieto-splanchnic "  mass.  This  unsymmetrical  dis- 
position of  the  nervous  system  has  given  origin  to  the 
name  Heterogangliaia,  a  term  used  by  Professor  Owen 
as  synonymous  with  Mollusca,  and  employed  in  contra- 
distinction to  the  term  Homogangliaiaj  which,  as  pre- 
viously noticed,  is  applied  to  the  Annulosa,  in  reference 
to  the  regular  disposition  of  the  nervous  system  in  that 
type  of  structure. 

The  Mollusca,  however,  do  not  exhibit  a  uniformity 
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in  the  character  of  their  nervous  system^  bat,  on  the 
contraiy,  present  so  marked  a  modification  of  the  typical 
plan,  that,  ^m  this  variation  in  the  nervous  axis  the 
sab-kingdom  has  been  divided  into  two  primary  groups 
or  sections.  In  the  first  and  lower  group — ^that  of  the 
MoUuseoida — ^the  nervous  system  is  represented  by  a 
^  single  ganglion,  or,  at  most,  by  a  principal  pair,  with 
accessory  gaoglia,"  situated  in  the  neighbourhood  of  the 
oesophagus,  or  of  the  oral  aperture.  The  MoUuaea 
Proper y  constituting  the  second  and  higher  section,  are 
characterised  by  the  possession  of  a  more  perfect  nervous 
system,  constructed  after  the  type  already  described. 
In  addition  to  this  principal  difference  between  these 
two  sections,  a  minor  point  of  distinction  is  found  in 
the  degree  of  perfection  to  which  the  circulatory  ap- 
paratus attains  in  the  respective  groups.  Thus,  in  the 
MoUitaeoidcty  the  circulatory  system  is  of  a  very  rudi- 
mentaiy  description,  or  may  be  altogether  unrepresented ; 
whilst  in  the  Mollmca  Proper  a  distinct  two^chambered 
heart  exists. 

The  MdUusca  are  represented  by  the  forms  ordinarily 
known  as  "  Shell-fish  ;"  by  "  Cuttle-fishes  ;"  by  the 
''  Sea-squirts ;"  ''  Sea-mats ;"  and  other  less  familiar 
forms. 

Classification. — ^The  MoUueca  are  thus  primarily 
divided  into  two  sections  : — 

Sbotion  a.  Molluscoida. 
Class   L  Polyzoa,    Ex.  Sea-mats  (Flustra), 
Class  IL  Tuntcata.    Ex.  Sea-squirts  {Aseidiay 
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Class  ILL  Brachiopoda.  Ex.  Lamp-shells  (Tere" 
hraitda). 

SfiCTION  R  MOLLUSOA  PROPER. 

Class    IY.  Lamelltbranehiata,  Ex.  Oyster  (Ostrcea), 
Class      V.  Gasteropoda.    Ex.  Whelk  {Buccinum). 
Class   YI.  Pteropoda.    Ex.  Cleodora. 
Class  YIL  Cephalopoda,    Ex.  Cuttlefish  (Sepia). 

Section  A.  Mollusgoida. 

The  Molluscoida  are  defined  by  Allman,  as  possess- 
ing **  a  central  nervous  system,  consisting  of  a  single 
ganglion,  or  of  a  principal  pair,  with  accessory  ganglia. 
Heart  very  imperfect,  consisting  of  a  simple  open  tube, 
or  may  be  entirely  absent" 

Class  I.  Foly20a. — Aa  implied  by  the  name  Poly- 
zoo,  the  animals  included  in  this  division  form  com- 
pound organisms,  and  in  this  respect  bear  some  resem- 
blance to,  and  possess  certain  analogies  with,  the 
Hydroid  polypes,  with  which  forms,  indeed,  they  were 
long  cLissified.  The  "  Sea-mats"  {Flustrce),  ^ig.  68,  A), 
found  attached  to  fixed  objects,  and  so  frequently  mis- 
taken for  sea-weed,  may  be  regarded  as  typical  repre- 
sentatives of  the  group.  The  plant-like  form  of  the 
flustra  is  at  once  observable,  but  on  more  minute  and 
careful  examination,  the  entire  structure,  or  "polyzo- 
arium,''  is  seen  to  consist  of  aii  aggregation  of  small 
oelk  (Fig.  68,  B,  C),  bound  together  by  a  common  in- 


tegument,  or  "coencecram."  Unlike  the  H^rdroid  polf- 
pitee,  boweTer,  there  u  no  organic  connection  between 
the  "  polypides"  or  individoal  zooids  of  the  Foljioa ; 
each  "  polTpide"  leading,  in  a  manner,  a  separate  and 
independent  existence. 

a  single  cell  for  examinatioii,  we  find  the 


A,  ^PoTtlOD  Of  Ozrazclan 

(utonl  ilu).  B,  A  few  csUg  of  A.  gnati;  mignilled  [Ooos).  C, 
Bnull  portfon  of  Flvftn  [Cartaiea)  popyru  (nu)!ilflal|,  ihowlng  tb* 
ttOt.  D,  One  of  the  "  ATlciilmi* "  or  "Blrd'i-liMUl  pnaaam'  o» 
PoljKA  (nugnlA«dX  ibowiug  the  idtucuUi  lyitem.  E,  Dlftgnminitfa 
Hction  of  FolriooD  [nftlr  Allmu) ;  o,  cllUtsd  teaUcla  ;  b,  lopbo- 
pbDn;  c,  BCtoeyit;  d,  uidDcyit;  i,  gullet;  /.  (tomich;  g,  InUatiii^ 
with  neon]  Beinn,  tcimlnaUng  In  tht  una,  \ ;  1;.  dcttodi  guigUan ; 
m,  anrf ;  <•■  teiUi :  o,  retnctor-mucla.  F,  PIwnoMJO  i^mi  (nuf- 
nlAed),  ■  freab-ntei  PoIjthiod  (Allmui). 

external  integument,  and  that  which  ia  common  to  all 
the  polypidee,  to  consist  of  an  outer,  coriaceons,  or 
leathery  membrane,  tenned  the  "ectocyrt"  (Fig.  68,  E,c), 
ii^ which  colcaraons  parlidea  maybe  developed;  whilst 
the  interior  of  the  cell  is  lined  by  a  soft  vascular  mem< 
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bianOy  pioyided  with  cilia,  and  to  which  the  name  of 
"  endocyst"  (d)  is  applied.  The  relation  of  these  terms 
with  the  "  ectoderm''  and  **  endoderm"  of  the  Coelen- 
terata  will  be  readily  recognised 

Situated  at  the  superior  extremity  of  the  cell,  the 
mouth,  surrounded  by  a  circle  of  ciliated  tentacles, 
(Fig.  68,  Ey  a)  ia  found.  The  tentacles  are  borne  on  a  disc 
or  stage  named  the  ''  lophophore"  (6),  the  form  of  this 
organ,  and  the  subsequent  arrangement  of  the  tentacles, 
consitituting  the  basis  of  the  classification  of  this  group. 
In  the  marine  Folyzoa,  the  ^' lophophore'  is  simply 
circular  in  form,  whilst  in  the  fresh-water  forms  (Fig. 
68,  F)  it  assumes  a  crescentic  or  horse-shoe  shape,  this 
latter  modification  inducing  a  corresponding  and  charac- 
teristic arrangement  of  the  tentacles.  A  special  feature 
in  the  organisation  of  the  Folyzoa  consists  in  the 
power  by  which  the  upper  part  of  the  alimentary  canal 
can  be  protruded  from  the  cell  (evagination),  and  again 
retracted  within  it  (invagination.)  Thus  the  lophophore 
and  tentacles  can  be  fully  protruded  from  the  oral 
aperture,  or,  on  the  other  hand,  retracted  within  it 
To  this  end,  a  special  muscular  apparatus  is  developed 
in  the  Folyzoa,  the  retractor  muscles  (Fig.  68,  £,  o),  by 
means  of  which  the  tentacles  are  withdrawn  and  in- 
vagination effected,  being  the  most  highly  developed 
part  of  the  system.  The  function  of  the  tentacles  is 
twofold ;  these  organs  being  used,  firstly,  for  the  pur- 
pose of  creating  currents  in  the  surrounding  water,  and 
thus  drawing  particles  of  nutrient  matter  towards  the 
mouth ;  and,  secondly,  for  the  purpose  of  respiration ; 
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the  presence  of  cilia,  with  which  they  are  fiuniBhed, 
rendenng  this  idea  the  more  probable. 

Some  species  of  Folyzoa,  in  addition  to  the  tentacles, 
are  provided  with  peculiar  processes  termed  ^'avicn- 
laria,"  or  '' Bird's-head  processes/'  one  of  which  is 
figured  at  D,  Fig.  68.  These  are  situated  extemallj  on 
the  ectocyst,  and  each  consists  essentially  of  an  upper 
movable  beak-shaped  mandible,  which  is  received  into 
a  lower  cup-shaped  portion.  The  mandible,  by  the 
action  of  appropriate  muscles  depicted  in  the  figure, 
is  seen  to  be  constantly  in  motion.  These  singular 
organisms  do  not  appear  to  possess  any  organic  con- 
nection with  the  polypides,  their  movements  continuing 
for  a  considerable  period  after  the  Polyzoon  on  which 
they  reside  has  ceased  to  exist  Their  function,  like 
their  relations,  is  quite  undetermined,  but  it  has  been 
thought  that  they  may  serve  to  attract  and  secure 
passing  objects  of  comparatively  large  bulk,  around 
which  smaller  organisms  may  congregate,  and  thus  be 
brought  within  reach  of  the  currents  excited  by  the 
ciliated  tentacles.  In  their  relations  a  considerable 
aJQ&nity  to  the  '' pediceUaria"  of  the  Echinozoa  will 
readily  be  perceived.  In  certain  species  a  single, 
vibratile,  lash-like  filament^  termed  the  ''  vibraculum,'' 
takes  the  place  of  the  "  avicularia." 

A  short  gullet  (E,  e)  leads  from  the  mouth  to  a  dilated 
stomach  (/),  from  which  an  intestine  (g)  curves  up- 
wards and  upon  the  first  part  of  the  alimentary  canal, 
to  terminate  in  a  distinct  anus  (%),  situated  in  close 
proximity  to  the  oral  aperture.     Situated  between  the 
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mouth  and  anus,  and  at  the  side  of  the  oesophagus,  the 
typical  single  nervous  ganglion  (k)  is  found;  and  as 
the  intestine  turns  round  towards  the  side  of  the  hody 
in  which  the  nervous  ganglion  is  situated,  the  intes- 
tinal flexure  is  accordingly  said  to  be  '^  neniaL"  The 
relations  of  the  nervous  and  alimentaiy  systems  thus 
expressed,  is  used  by  Huxley  as  a  distinctive  feature  in 
the  classification  and  general  relations  of  the  various 
groups  into  which  the  Mollusca  are  divided.  The 
existence  of  a  compound  or  "  colonial"  nervous  system 
(MiiUer),  extending  through  and  connecting  together 
the  varioua  "polypide.."  appear,  to  be  sufficiently  de- 
termined  to  warrant  its  mention  in  the  present  instance. 

No  specialised  circulatoiy  apparatus  exists  in  the 
Folyzoa,  but  the  interior  of  the  cell  is  filled  with  a 
clear  fluid  (perivisceral  fluid),  in  which  the  viscera  are 
suspended,  and  through  which  a  circulation  is,  by  aid 
of  the  ciliated  andocyst,  maintained. 

The  reproductive  system  consists  of  ovary  (m)  and 
testis  (»),  developed  in  one  and  the  same  individual, 
the  Polyzoa  being  thus  hermaphrodite.  The  ovaiy 
is  situated  superiorly,  the  testis  occupying  an  infe- 
rior position,  and  being  attached  by  a  cord,  termed 
the  "  funiculus,"  to  the  lower  portion  of  the  stomach. 
The  power  of  "  gemmation,"  so  characteristic  a  feature 
of  the  Hydrozoa,  is  also  to  be  noticed  in  the  present 
instance,  the  Polyzoa  also  producing  compound  or- 
ganisms by  a  process  of  ''budding;"  and  a  third 
form  of  the  reproductive  process  exists,  whereby  certain 
peculiar  bodies,  termed  '' statoblasts,"  are  produced 
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within  the  cells  of  the  polypides,  these  bodies,  after 
liberation,  giving  rise  hj  gemmation  to  forms  resembling 
those  from  which  they  sprang. 

The  Polyzoa  are  divided  into  two  orders,  distin- 
goished  by  the  form  of  the  ''  lophophore/'  and  the 
presence  or  absence  of  a  process  overhanging  the  mouth, 
and  termed  the  ^  epistome." 

The  first  order,  that  of  the  Phylactolcemoda^  pos- 
sess a  bilateral,  crescentic,  or  horse -shoe  shaped 
lophophore,  and  an  ''  epistome"  is  present  The  term 
Hippocrepia  has  been  used  as  synonymous  with  Phy' 
ktetoUBmata,  the  former  name  having  particular  refer- 
ence to  the  "horse-shoe"  shape  of  the  lophophore. 
The  forms  included  in  this  order,  with  one  exception, 
inhabit  fresh  water,  and  of  these  the  Plumatella  repens, 
(Fig.  68,  F),  and  the  well-known  CrtdateUay  may  be 
cited  as  familiar  examples.  The  CrMxteUa,  though  a 
compound  organism,  is  endowed  with  a  certain  degree 
of  locomotive  power,  the  organism  crawling  by  a  mus- 
cular, ventral,  flattened  disc,  or  foot^  resembling  the 
similar  organ  in  a  snaiL  The  "  ectocyst "  is  absent  in 
Cristaiellcu 

The  second  order — OymnoloBmata — ^is  distinguished 
by  the  orbicular  or  circular  shape  of  the  lophophore, 
and  by  the  absence  of  an  ''  epistome."  The  species 
included  in  this  group,  with  a  single  exception,  are 
all  marine.  The  various  species  of  FlustroB  (Fig.  68, 
A,  B,  C),  popularly  known  as  *'  Sea-mats,"  constitute 
typical  and  familiar  examples  of  this  order,  which  is 
sometimes  known  as  the  Ir^fundibtdaia,  or  "funnel- 
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shaped,"  in  allnsioD  to  the  ariaugemeDt  of  the  tentaclea, 
and  in  contradistioction  to  the  term  ffippocrepia. 

Class  II.  Tuhicata. — The  "  Tunicate"  inoUuscB  are 
broadly  charactonsed  by  the  investing  "tunic"  in 
which  their  bodies  are  enclosed. 


A,  >f  Bldfa  vir^riiua,  one  of  tha  "  Bea-Kiolrta :"  a,  bimchllJ  or  oiml  ortflce; 
b,  miui  or  AtrUl  apqrtnn.  B.  CinUAfa  fiiadrnngvlarif :  a,  bniuclilDl 
•LpAttnre;  b,  atxU]  tpflrtnn.  C,  DUgnmmmtlc  leDaon  of  TanWte 
(after  Allnun) :  a.  on!  or  bnnchUl  ftpflrturn ;  b,  tenUola  ;  c,  bnnchiil 
lar.i  d.  oater  lijet  oi  "Uat:'  i.  Inner  Jxjvr  or  "tnuitle;''  /,  bgut; 
t,  itomscli :  \,  InteMbiB :  i,  ginantlTs  argua ;  i,  eBenaA  dnet  of 
SenoatlTS  ajatma;  1,  mnui,  opeulag  into  "fttrlAl**  chuiibflr,  m;  n, 
"  mtiiil "  iiwTtiin ;  «,  DUroot  guidon. 

The  Ascidia,  or  "Sea-Bquiita"  (Fig.  69,  A,  B),  found  at 
low-vater  mark,  adhering  to  stones  and  fixed  objects,  aie 
familiar  examples  of  this  class.  The  foim  of  these  croa- 
tares  has  sn^ested  theii  scientific  name,  their  shape  i&- 
aembling  that  of  the  irine-bag  or  wine-skin  of  Eastern 
nations;  or  moie  familiarly  that  of  a  double-necked  jar; 
whilst  the  familim'  designation  "  Sea-Bqairta"  has  been 
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applied  to  these  fomiB,  in  allaaion  to  their  habit  of 
emitting  jets  of  water  from  the  apertures  when  alanned 
or  distiirbed. 

The  ''  tonic  "  of  an  Ascidian — which  may  be  selected 
for  examination,  as  embodying  the  chief  stroctnial 
peculiarities  of  the  group— consists  of  two  layers,  an 
outer  or  external — ^the  "test"— (Fig.  69,  C,  d),  consisting 
of  homy  or  leathery  material,  and  an  inner  and  more 
delicate  vascular  layer.  The  outer  layer  is  mainly 
remarkable  for  being  in  greater  part  composed  of  a 
substance  termed  "  cellulose,''  nearly  identical,  chemi- 
cally speaking,  with  starch,  and  long  considered  to  be  an 
exclusive  vegetable  product.  The  discovery  of  the  exist- 
ence of  an  intimate  vegetable  product  in  dose  combina- 
tion with  animal  structures,  was,  to  use  the  words  of  Hux- 
ley, "  justly  regarded  as  one  of  the  most  remarkable  facts 
of  comparative  physiology."  The  inner  and  more  delicate 
layer  (e\  to  which  the  term  "  mantle"  has  been  applied, 
consists  in  greater  part  of  muscular  fibres,  by  the  con- 
traction of  which  the  Asddia  is  enabled  to  eject  water 
from  the  orifices  previously  mentioned. 

The  superior  extremity  of  the  test  bears  two  projec- 
tions or  necks  (Fig.  69,  A,  B,  a  a,  5  6),  on  the  summit 
of  each  of  which  an  aperture,  varying  in  form,  \b  found. 
The  first  of  these  represents  the  mouth,  whilst  the 
second  is  known  as  the  "anal,"  or  "atrial"  aper- 
ture. The  oral  opening  (Eig.  69,  C,  a),  in  most  cases 
provided  with  a  circle  of  tentacles  (6),  which,  how* 
ever,  difier  from  those  of  the  Polyjsoa,  in  being  non- 
retractile,  leads  into  a  large  dilated  chamber,  termed 
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the  "pharynx,"  '^ branchial,''  or  "respiratory  sac"  (c); 
and  which,  as  its  name  implies,  subserves  the  function 
of  respiration.  The  walls  of  this  chamber  present  a 
reticulated  or  network  stnicture,  the  edges  of  the 
quadrangular  meshes  being  fringed  with  vibratile  cilia. 
A  minute  examination  of  the  walls  of  this  dilated  sac 
further  shows  that  the  dividing  partitions  or  bars  of 
the  network  are  in  reality  hollow  tubes  or  vessels,  the 
function  of  which  is  clearly  to  circulate  the  blood 
throughout  the  organ,  and  thus  to  provide  for  its  due 
aeration  by  exposure  to  the  contained  water.  The 
mouth  opens  on  the  inferior  aspect  of  this  sac;  but 
here  it  may  be  well  to  state  that  the  scientific  world  is 
not  well  agreed  as  to  which  aperture  is  rightly  to  be 
regarded  as  the  mouth.  If  we  hold,  with  Huxley,  that 
the  "branchial"  sac  represents  a  greatly  dilated  and 
modified  pharynx,  then  the  outer  and  superior  aperture 
of  the  body  will  fall  to  be  considered  as  corresponding 
to  the  mouth  of  other  animals ;  but  i^  on  the  contrary, 
we  espouse  the  views  of  Professor  Allman  and  others, 
who  regard  the  "branchial"  sac  as  homologous  with 
the  tentacles  of  the  Polyzoa,  then  the  lower  and  inferior 
opening  of  the  sac  will  constitute  the  true  oral  aperture. 
The  homology  of  this  peculiar  sac  is  thus  so  far  unde- 
termined, and  it  is  well  to  bear  in  mind  the  particular 
relations  which  have  thus  been  assigned  to  it  From 
the  lower  opening  in  the  "  branchial"  sac  a  gullet  is 
continued,  and  this  dilates  into  a  stomach  (g),  from  which 
an  intestine  (h)  is  given  off ;  this  latter  terminating,  after 
a  few  convolutions,  in  a  second  sac,  to  which  the  names 
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of  "  atrial  chamber"  or  "  cloaca"  (w),  have  been  applied. 
The  ''  atrial "  sac  commanicates  with  the  exterior  by 
the  second  of  the  two  external  apertures  of  the  body ; 
the  term  "atrial"  aperture  (n)  being  applied  to  this 
particular  opening.  The  "branchial"  or  "respiratory" 
sac  (c)  is  in  free  communication  with  the  "  atrial " 
chamber ;  but  the  relations  of  the  two  sacs,  like  those 
of  the  oral  aperture  and  pharynx,  are  by  no  means 
satisfactorily  determined.  By  some  authorities,  the 
branchial  sac  is  belieyed  to  be  contained  within  the 
atrial  chamber ;  whilst  other  observers  think,  that  the 
lining  membrane  of  the  "  cloaca"  is  reflected  over  the 
pharynx,  and  that  the  two  sacs  communicate,  though  in 
a  less  perfect  manner  than  the  former  opinion  would 
tend  to  show.  At  any  rate,  the  cardinal  fact  of  these 
sacs  communicating  freely  with  each  other  must  be 
clearly  borne  in  mind,  as  also  that  the  clefts  or  meshes 
of  the  "  branchial "  sac,  and  the  vibratile  dlia  with 
which  these  latter  are  fringed,  aid  in  rendering  this 
communication,  in  its  Ainctional  aspect,  still  more 
complete. 

The  essential  parts  of  the  digestive  system  having 
been  already  noticed,  do  not  call  for  further  remark, 
save  that  the  first  flexure  of  the  intestine  being  towards 
that  side  of  the  body  on  which  the  heart  is  situated, 
the  flexure  is  accordingly  said  to  be  "  hsBmal,"  a  term 
employed  in  opposition  to  the  name  *^  neural ;  *'  and 
this  structural  character  forming  a  further  distinctive 
feature  between  the  Polyzoa  and  Tunicata. 

The  heart  in  the  Tunicata  consists  of  a  simple  contiac- 
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tile  tube  (Fig.  69,  C,  f\  unfomisbed  witb  valvea,  and 
open  at  eacb  extremity.  Tbe  circulation  in  tbese  animals 
is  furtber  to  be  noticed,  inasmucb  as  it  appears  to  be 
periodically  reversed.  Tbe  blood  tbus  flows  for  a  cer- 
tain time  in  one  direction,  being  propelled  by  tbe 
movements  of  tbe  beart  towards  one  end  of  tbe  organ ; 
a  reversion  of  its  action,  bowever,  takes  place,  and  ap- 
parently witbin  a  given  time,  tbe  blood  being  now 
driven  in  tbe  opposite  direction,  and  towards  tbe  otber 
extremity  of  tbe  tube.  "  Tbe  two  ends  of  tbe  beart," 
to  use  Huxley's  expression,  "are  alternately  arterial 
and  venous." 

Tbe  respiratory  function  is  performed  by  tbe  "  bran- 
cbial"  sac  (c),  tbe  structure  and  relations  of  wbicb  it 
will  be  unnecessary  furtber  to  notice.  Tbe  process  by 
wbicb  provision  is  made  for  tbe  admission  to  tbe  sac 
of  fresb  water,  and  for  tbe  expulsion  of  tbe  effete 
water  of  respiration,  will  be  readily  understood.  Tbe 
venous  blood  is  exposed  in  tbe  vessels  of  tbe  brancbial 
sac  to  tbe  action  of  tbe  oxygen  contained  in  tbe  water 
admitted  to  tbe  sac  by  tbe  oral  aperture,  and  is  tbus 
aerated;  tbe  effete  water  of  respiration  being  sent 
directly  from  tbe  brancbial  sac  into  tbe ''  atrial"  cbam- 
ber,  witb  wbicb  tbe  former  cavity  is  in  communication ; 
a  process  aided  materially  by  tbe  cilia  of  tbe  brancbial 
cbamber,  wbicb  create  currents  in  tbe  direction  of  tbe 
^  atrial"  sac.  From  tbe  latter  cavity,  tbe  effete  water 
is  expelled  by  tbe  second  or  atrial  aperture,  and  some- 
times witb  considerable  force,  wben,  as  before  observed, 
tbese  creatures  are  irritated  or  disturbed. 
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The  nervous  ganglion  (o)  is  sitnated,  as  in  the  Poly- 
zoa,  between  the  oral  and  anal  apertures. 

The  great  majority  of  Tunicata  are  hermaphrodite, 
the  reproductive  organs  (t)  being  intimately  associated 
with  the  intestine,  and  the  efferent  generative  ducts 
(k)  opening  into  the  "  atrial"  chamber. 

Classification. — A  satisfactoiy  classification  of  the 
Tunicata  is  still  to  be  desired,  but  ordinarily  the  group 
is  divided  into  three  principal  divisions,  distinguished  , 
by  the  relations  of  the  individual  polypides  to  each 
other.  Thus,  in  the  (a)  Simple  Ascidians,  represented 
by  the  Ascidiadce,  or  Common."  Sea-squirts,"  the  ani- 
mals are  simple :  in  the  (b)  Social  Aseidians,  repre- 
sented by  the  ClavellinidcB,  the  animals  are  compound, 
the  individuals  being  connected  by  tubular  prolonga- 
tions of  the  "  test"  or  outer  tunic,  to  which  the  term 
''  stolons"  is  applied ;  and  in  the  (c)  Compound  Aaeir 
dians,  represented  by  the  BotryllidcB,  the  individual 
polypides  are  still  more  intimately  connected,  the  "tests" 
being  fused  together,  and  a  common  mass  being  thus 
formed.  In  addition  to  these  groups,  we  must  add 
other  two  families — ^those  of  the  Scdpadte  and  Pyroso- 
midce — ^in  which  are  included  firee  and  oceanic  forms ; 
these  latter  also  exhibiting  certain  peculiarities  of  struc- 
ture and  habits,  which  render  them  rather  aberrant 
members  of  the  class. 

Of  the  Simple  AscidianSf  the  Ascidia  virginea  (Fig. 
69,  A),  and  the  Cynthia  quadrangularis  (Fig.  69,  B), 
may  be  selected  as  examples.     The  Clavdlina  lepa- 
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dijbrmit  (Fig.  70,  C)  repieaente  the  Soeied  variet}'; 
the  branchial  and  atrial  apertores  being  ahown  at  a 
and  b  respectively,  and  the  connecting  proceaBee  or 
"  etolona"  at  $  g,  on  which  young  reproductive  buds  (c  e) 
are  figured.  The  Bolryllua  violaeeua  (Fig.  70,  B)  may 
be  cited  aa  exemplifying  the  Compound  forma :  the  com- 
mon "  teat,"  formed  by  the  coaleacence  of  the  individual 
tunics,  is  figured  at  e  e,  the  separate  branchial  aper- 
tures at  a,  and  in  the  centre  of  the  disc  the  common 
"  atrial"  aperture  (b)  is  depicted. 


point*  at  ntuchi 

iMrt, 

AicWIui.ihowliig' 


-'  BocUl"  Aickdluu ;  , 


»l"  »p«rlii« 
C,  ClaMUina  ItpoMJiintU.  aumpurflng 
"bruicliiiil'' aifBisn;  6t.  "itiiil'iper- 
ton*;  eee,  mpiaduetlTe  bndt  or  "Zoold)"  in  nritnu  sUgM  oC  d«' 
tclapment,  aprlngliig  rrom  tha  oonnKtlnc  medJEOr  "Molona.'iK 

The  Saipad<e  are  represented  by  the  Salpa  maxima 
(Fig.  70,  A)  :  these  forma  are  free  and  oceanic  in  their 
habits,  and  exist  in  two  distinct  states,  exhibiting 
thus  a  aeries  of  phenomena  identical  with  those  ob- 
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served  in  certain  Hydrozoa,  and  to  which  the  col- 
lective  term  ''  alternation  of  generations''  was  applied. 
The  solitary  SalpoB  give  rise  to  chains  of  Zooids, 
which  remain  connected^  and  thus  form  thronghout 
life  a  compound  organism.  Each  of  the  individual 
Zooids  of  this  chain,  one  of  which  is  represented  in  the 
figure,  gives  origin  in  turn  to  solitary  individuals^  from. 
which  again  the  compound  organisms  are  produced. 
The  structural  features  of  the  Salpa  are  essentially 
similar  in  its  connected  and  free  state,  and  correspond 
in  detail  to  the  typical  Tunicate  structure  already 
described.  Thus  at  a  (Fig.  70,  A),  the  anterior  and 
branchial  aperture  is  observed,  and  at  h  the  posterior 
orifice.  The  branchial  sac  is  figured  at  d,  and  the 
viscera  generally  at  e  ;  whilst  at  c  c  the  points  of  at- 
tachment to  the  chain  of  Balpm  are  seen.  The  "  alterna- 
tion of  generations"  is  therefore  here  observed  to  great 
advantage,  although  it  must  be  borne  in  mind  that 
this  term  does  not  meet  with  very  general  acceptation, 
inasmuch  as  the  solitary  individuals  produced  by  the 
connected  chain  of  Salpm  are  alone  regarded  as  true 
embryos ;  whilst  the  compound  chain  from  which  they 
spring  is  accordingly  looked  upon  as  a  "  highly  indi- 
vidualised generative  organ."  Accepting  this  view,  the 
so-called  ''  alternation  of  generations"  can  no  longer  be 
regarded  as  a  term  at  all  explanatory  or  even  correct ; 
since  the  process,  as  above  defined  in  the  case  of  Salpa, 
consists  merely  of  a  process  of  development,  peculiarly 
altered  and  intensified.  The  solitary  Salpa  is  thus  the 
true  homological  individual ;  the  Chain-Salpa  being 
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regarded  as  merely  the  generative  organ  and  product  of 
the  solitary  form. 

The  FyrosomidcB,  represented  by  the  Pi/raaoma,  are 
also  free  and  oceanic,  and  also  exemplify  the  Compound 
forma  These  organisms  exist  in  the  seas  of  tropical 
climates  as  elongated  tubes,  the  tube  being  formed  by 
the  union  and  coalescence  of  the  tests.  As  the  name 
implies,  the  Pyrosomidce  possess  a  considerable  lumi- 
nosity, this  property  enabling  them  to  appear  in  the 
dark  as  little  columns  or  rods  of  fire. 

The  chief  points  in  Tunicate  structure  may  thus  be 
briefly  summarised : — 

1st,  The  presence  of  cellulose,  a  characteristic  vege- 
table product,  in  the  test. 

2d,  The  peculiar  relations  of  the  branchial  and 
atrial  sacs. 

3d,  The  power  of  the  heart  to  throw  blood  either 
way,  and  the  consequent  periodical  reversion  of  the 
circulation. 

4th,  The  so-called  ''alternation  of  generations," 
observed  in  certain  Compound  forms. 

Class  III.  Brachiopoda. — ^This  last  class  of  the 
Molluscoida  is  interesting,  principally  from  a  palaeon- 
tological  point  of  view,  this  group  being  but  sparsely 
represented  by  living  species,  and  abundantly  exempli- 
fied by  extinct  and  fossil  forms.  The  Brachiqpoda 
possess  near  relations  with  the  Polyzoa,  but  they  differ 
from  the  latter  forms  in  certain  important  features. 
They  exist  solely  as  simple  organisms,  their  bodies 
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being  encloaed  in  a  "  bivalve"  shell — that  is,  a  shell 
consistiiig  of  two  halves  or  "valves;"  but,  at  the  same 
time,  the;  are  to  be  carefully  distiiiguished  from  the 
ordinal;  bivalve  Molluscs,  such  as  the  Oysters  and 
MosBelfi,  these  latter  forms  being  of  much  higher  organ- 
isation, and  differing  &om  the  Brachiopoda  in  many 
and  important  particulars. 

The  shell  of  tiie  Brachtopod  being  bivalve,  the  valves 
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are  articulated  by  an  arrai^ement  of  toothed  projec- 
tions, springing  from  the  ventral  or  lower  valve,  and 
fitting  into  corresponding  sockets  in  the  dorsal  or  upper 
valve.  The  relative  position  of  the  two  valves  lb  to  be 
carefiilly  noted,  inasmnch  ss  this  point  forms  an  ele- 
ment in  the  distinction  between  the  Brachiopoda  and  the 
ordinary  bivalve  Molluscs.  Thus  the  valves  of  the  Bra- 
chiopod  shell  are  spoken  of  as  "  dorsal"  and  "  ventral" 
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valves  (Fig.  71,  A,  a  ft);  in  other  words,  thej  lie  superiorly 
and  inferiorly  to  each  other.  In  the  Oyster,  as  typify- 
ing the  Lamellibranchiate  Mollosca,  the  valves  are 
lateral  in  position,  placed  side  by  side,  and  are  known 
accordingly  as  "right"  and  "left"  valves.  The  "valves" 
of  the  Brachiopod  shell  are  further  of  unequal  size,  the 
"  ventral"  valve  being  by  £ar  the  larger  and  more  con- 
cave, the  "  dorsal"  valve  forming  a  mere  lid,  as  it  were, 
to  the  lower  and  deeper  half  of  the  shell.  The  valves 
of  the  ordinary  Mollusc  are,  on  the  contrary,  equivalve, 
and  are  typically  of  the  same  size. 

The  shell  of  the  Brachiopod,  like  that  of  the  Lamel- 
libranchiate Mollusc,  is  formed  and  secreted  by  the 
soft  vascular  integument  which  lines  the  shell,  and  to 
which  the  appropriate  name  of  "  paUium"  or  "mantle" 
has  been  given.  The  valves  are  kept  in  apposition, 
and  are  opened  and  closed  by  the  action  of  appropriate 
muscles ;  the  muscles  closing  the  shell  are  collectively 
termed  the  "adductors"  (Fig.  71,  A,  A;),  w^hilst  those 
which  open  the  valves  are  known  as  the  "  abductors." 
This  arrangement  presents  a  striking  contrast  to  the 
analogous  apparatus  in  the  Lamellibranchiata,  in  which 
class  the  valves  are  shut  by  muscles,  but  opened  by  the 
action  of  an  elastic  ligament ;  this  latter  arrangement 
being  more  simple  and  primitive,  and  evincing  a  minor 
degree  of  specialisation  to  that  observed  in  the  Brachio- 
poda,  in  which  class  the  muscular  system  attains  a 
development  relatively  higher  and  more  perfect  than 
any  other  part  of  their  otgamsation.  The  ventral  valve 
is  fumiahed  with  a  prominent  projection  or  "  beak," 
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which,  in  some  cases,  is  peifoiated  bj  an  aperture, 
through  which  a  fleshj  stalk  or  peduncle  passes  (Fig.  72, 
1),  and  by  this  latter  the  animal  attaches  itself  to  fixed 
objects.  Internally  the  dorsal  valve  is  usually  provided 
with  a  peculiar  calcareous  framework  (Fig.  71,  B,  a),  to 
which  the  name  of  ''carriage-spring  apparatus"  has 
been  applied.  This  consists  of  a  twisted  calcareous 
loop,  the  office  of  which  is  to  support  the  two  elongated 
"arms"  (Fig.  71,  A,  w  o)  characteristic  of  the  group, 
and  from  which  the  class  derives  its  name.  From  a 
fancied  resemblance  to  the  old  oil-lamps  of  Eastern 
countries,  the  familiar  name  of  "  Lamp-shells,"  applied 
to  the  Brachiopoda,  has  been  derived. 

The  viscera  of  the  animal  occupy  but  a  limited  part 
of  the  internal  space  of  the  shell,  being  confined  to  the 
portion  within  the  arms  of  the  calcareous  loop.  The 
large  and  extensile  arms  (Fig.  71,  A,  o)  fill  the  remaining 
space ;  these  organs,  when  at  rest,  being  coiled  up 
within  the  shelL  These  arms  take  their  origin  from 
each  side  of  the  mouth,  and  are  fringed  along  their 
entire  edges  with  "cirri"  or  delicate  processes,  the 
''  cirri"  being  fringed  in  turn  by  vibratile  cilia.  These 
organs  are  homologous  with  the  tentacles  of  the  Polyzoa, 
and  they  may  be  considered  as  corresponding  in  func- 
tion also  to  these  latter  oi^gans,  inasmuch  as  they  aid 
in  sweeping  food-particles  toward  the  mouth,  and  fur- 
ther subserve  the  function  of  respiration. 

The  mouth  (Fig.  71,  A,  c),  is  unprovided  with  a  dental 
apparatus ;  a  short  oesophagus  terminates  in  a  globular 
stomach  (e2),  from  which  an  intestine  (e),  with  a  neural 
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flexTire,  proceeds,  to  terminate  (/)  sometiines  in  a  dis- 
tinct anus,  sometimes  caecally  or  blindly  in  the  middle 
lin&  A  distinctly  developed  liver  lies  near  the 
stomach. 

The  drculatoiy  apparatus  of  the  Brachiopoda  gener- 
ally consists  of  a  distinct  heart  (0)  and  vascular  system. 
A  peculiar  system,  termed  the  '*  atrial"  system,  ramify- 
ing in  the  mantle-lobes,  and  which  communicates  by 
distinct  openings  (h)  with  the  external  medium,  was 
long  thought  to  represent  a  part  of  the  true  circulatory 
system,  but  later  researches  show  that  the  function  of 
the  **  atrial"  system  is  in  all  probability  excretory,  in 
serving  to  convey  away  the  products  of  the  reproduc- 
tive apparatus. 

The  function  of  respiration  is  performed  by  the  arms 
(0),  the  ciliated  appendages  of  which  would  seem  to 
render  them  peculiarly  fitted  for  this  office.  The 
"  r^'ntle  "  itself  was  long  thought  to  be  the  chief  seat  of 
the  respiratory  process,  and  from  this  opinion  the  name 
*' PalliohraTichiata"  or  "mantle-breathers,"  was  for- 
merly, and  occasionally  still  is,  employed  to  designate 
the  Brachiopoda.  This  supposition,  however,  is  now 
proved  to  be  erroneous,  the  mantle  taking  little  or  no 
share  in  the  respiratory  process. 

The  nervous  mass  (m),  as  before,  is  situated  between 
the  mouth  and  anus.  The  generative  organs  exist  in 
close  proximity  to  the  liver  and  other  viscera,  and 
appear,  as  previously  remarked,  to  possess  certain  close 
relations  with  the  so-called  ''atrial"  system.  The 
Brachiopoda  resemble  the  members  of  the  preceding 
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groapsy  in  that  the  aexes  are  contained  in  the  same 
individual 

The  Distributional  relations  of  the  Brachiopoda  are 
exceedingly  interesting  and  characteristic  Viewed 
geologically,  they  attained  a  high  development  and  an 
immense  antiquity,  and  in  fonner  epochs  of  this  world's 
hiatoiy  occupied  a  position,  relative  to  other  forms,  simi- 
lar to  that  now  held  by  our  ordinary  shell-fish ;  these 
old  Brachiopods  abounding  in  the  seas  of  past  ages,  as 
the  Oysters  and  Mussels  now  abound  in  the  oceans  of 
to-day. 

Geographically  considered,  or  with  reference  to  their 
distribution  in  space,  an  equaUy  striking  contrast  to 
their  past  life  is  observed.  But  few  of  these  forms 
are  represented  by  living  species,  and  the  area  over 
which  the  existing  Brachiopods  are  spread  is  of  very 
limited  extent :  the  seas  of  the  Eastern  Hemisphere 
and  coasts  of  Australia  being  the  principal  localities 
tenanted  by  the  Brachiopods  of  the  present  day. 

Classifioation. — ^Three  principal  types  are  to  be  no- 
ticed among  living  Brachiopods.  The  first  group,  that 
of  the  Craniada^  represented  by  the  solitary  genus 
Crania,^  is  distinguished  by  the  absence  of  a  stalk  or 
peduncle,  the  animal  being  fixed  directly  to  the  sea- 
bottom  by  the  ventral  valve.  The  TerebraiulidcB^ 
including  the  most  familiar  of  living  forms  (Terebratula 
and  Waldheimia),  form  examples  of  the  second  type^ 
and  are  distinguished  by  the  possession  of  a  muscular 
peduncle,  springing  firom  the  beak  of  the  ventral  valve. 
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and  hy  which  the  aniinals  attach  themBelrea  to  fixed 
olg'ecta.  The  Lingidida  ezempliiy  the  third  group,  and 
present  characteristic  forms,  of  which  the  lAngula  ana- 
tina  (Fig.  72, 1)  is  the  most  familiar.  The  Talves  of  the 
shell  in  Linffula  are  neailj  equal  in  size,  and  the  fleehy 
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peduncle  passes  out  from  between  the  Talves,  instead 
of  through  a  special  aperture,  as  in  Terebratula.  The 
"  arma"  in  lAitffula  are  unaupported  bj  calcareous  loops. 
The  lAngula  ia  further  to  be  noted,  inasmuch  as  its 
palffiontological  relations  are  of  no  ordinary  kind.  This 
form  makes  its  appearance  in  one  of  the  oldest  series 
of  rock-formationa — the  Cambrian  rocks  (Fig.  72,  2) — 
and  being  still  in  existence,  has  thus  been  persiatent 
through  time.  The  Silurian  epoch — which  included 
the  Cambrian  rocks  above  mentioned — has,  from  the 
abundance  of  fossil  Bracfaiopoda,  been  not  inappro- 
priately termed  the  "  Ago  of  Brachiopods."  The  most 
important  of  extinct  genera  are  those  included  under 
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the  terms  Productidm  (Productus),  (Fig.  72,  3),  and 
8pinferid(B  (Spinfer),  (Fig.  72,  4). 

The  chief  points  in  Brachiopodoos  stractnre  maj  be 
summarised  under  five  heads : — 

Ist,  The  relations  of  the  valves  of  the  shell, 
the  valves  being  respectively  termed  "Dorsal"  and 
"  Ventral" 

2d,  The  valves  opened  and  closed  by  muscular 
action. 

3d,  The  calcareous  loop  of  the  Dorsal  valve,  usually 
supporting  the 

4th,  Cirrous  arms,  subserving  respiration. 

5th,  The  Distributional  relations  of  the  Brachio- 
poda ;  their  great  abundance  as  extinct  organisms,  and 
comparative  scarcity  as  living  forms. 


CHAPTER  XV. 

UOLLUSCA  PROPER. 

General    Characters  and  Classification  of   Mollnsca  Proper — 
General  Characters  of  Lamellibranchiata — CLissification. 

In  addition  to  the  principal  characteristic  before 
alluded  to— namely,  the  superior  organisation  of  the 
nervous  system — the  Mollusca  Proper  are  distinguished 
from  the  Molluscoida  by  the  possession  of  a  well- 
defined  heart,  consisting,  in  the  typical  forms,  of  two 
chamber&  In  this  higher  section,  an  external  shell  is 
generally  present,  and  this  may  consist  either  of  two 
pieces — when  it  is  said  to  be  "bivalve;"  of  a  single 
piece,  when  it  is  termed  "univalve;"  or,  in  a  few 
cases,  the  shell  may  be  composed  of  a  number  of  pieces, 
the  term  "multivalve"  being  applied  to  this  latter 
condition. 

A  rather  arbitrary  mode  of  classification  divides  the 
Mollusca  Proper  into  two  primary  groups :  the  Ace- 
pliala,  or  "headless''  Mollusca,  characterised  by  the 
absence  of  a  distinct  head,  and  including  but  a  single 
class,  that  of  the  Lamellibranchiata,  In  the  remaining 
three  classes — Gasteropoda^  Pteropoda,  and  Cephalo- 
poda— a  distinctly  difierentiated  head  is  present^  these 
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latter  gioapB  being  accordingly  indaded  nnder  the 
term  Eneephala  or  CepTudophorcL  The  presence  of  a 
dental  apparatos  in  these  three  latter  groaps  has  given 
rise  to  the  term  OdantophorOy  a  name  used  aynony- 
mooslj  with  Encephalau 

Section  A.  Acephaul  Class   IY.  Iamelli- 

BBANCHIATA. 

-,    ,.      ^   _  (Glass     V.  Gasteropoda^ 

Section  B.  Encephala.      1  .,  __ 

.  .'I  Class    VL  Pteropoda- 

^  ^  (^  Class  VIL  Cephalopoda. 

Class  IY.  Lahellibranchiata  {Conchifera).  To 
this  class  belong  all  our  ordinary  shell-fish,  snch  as 
Mussels,  Oysters,  Cockles,  etc,  and  which  are  accord- 
ingly distinguished  by  the  possession  of  a  bivalve 
shell,  and  by  the  peculiar  structure  of  their  breathing 
apparatus,  which,  as  the  technical  name  of  the  group 
indicates,  consirts  of  ^  lamellar,"  or  plate-like  gills,  two 
of  which  are  usually  situated  on  each  side  of  the  body. 
The  valves  of  the  shell  are,  in  the  present  instance,  de- 
nominated ''right"  and  "left,"  the  valves  being  placed 
laterally,  or  side  by  side,  a  feature  which,  as  previously 
mentioned,  serves  to  distinguish  the  present  group 
from  the  Brachiopoday  in  which  class  the  valves  are 
situated  ''dorsally  "  and ''  ventrally."  The  valves,  being 
of  equal  size,  are  said  to  be  ''  equivalve,"  whilst  they 
are  also  ''inequilateral,"  each  valve  being  developed 
more  on  one  side  than  on  the  other.  Eoughly  speak- 
ing, each  valve  is  more  or  less  conical  in  shape,  and  to 
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the  apex  of  the  cone,  which,  as  the  shells  are  inequila- 
teraly  is  placed  more  to  one  side  of  the  shell  than  to 
the  other,  the  tenn  "  nmho,"  or  «  beak"  (Kg.  73,  A,  B), 
is  applied  The  position  of  this  '^  umbo  "  assists  in  the 
determination  of  the  various  sides  and  aspects  of  the 
shell,  since  the  "  beak  "  points  towards  the  '^  anterior  " 
side  of  the  shell,  at  which  the  mouth  is  situated.     The 


Fig.  78.  MORPHOLOOT  OF  LAXELUBBAHCHTAn  BHXUa. 

A,  Ri^^t  Talve  of  Cfpriwa  idandUa^  showing  the  two  muscolAr  Imprai- 

flions,  a,  a  (DimyaHa),  and  the  entire  pallial  line«  h.  The  "nmbo,"  or 
"  beak,"*  of  the  shell,  points  to  the  left  hand  side  of  the  flgore,  and 
determines  the  left  of  the  mnsonlar  impressions  as  that  of  the  anterior 
adductor  mascle,  the  other  and  right  hand  impression  being  that  of  the 
posterior  addootor. 

B,  Bight  valve  of  Cytherea  ekioru,  showing  the  moscular  impressions,  a  a, 

and  an  indented  pallia]  line,  b,  with  a  pallial  sinus,  c 
C»  YalTe  of  the  Oyster  {Ogtrcea),  showing  a  single  muscular  impression  a, 
(Monomyaria),  and  an  entire  pallial  line,  b. 

"posterior"  border  of  the  shell,  accordingly,  is  that 
from  which  the  ^*  umbones  "  are  turned  awaj,  and  this 
side  of  the  shell  is  much  more  elongated  than  the  "  an- 
terior "  border,  which  latter  forms,  in  consequence,  the 
shorter  half  of  the  shell  The  <<  dorsal ''  and  "  ventral " 
surfaces  of  the  shell  are  easily  determined — the  '*  dor- 
sal "  aspect  being  that  by  which  the  yalves  are  articu- 
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lated  to  each  other,  and  the  'Central"  surface  that 
along  which  the  yalves  open. 

The  yalves  are  articulated  together  by  means  of  a 
set  of  projections,  or  ''teeth/'  situated  on  one  valve, 
and  which  fit  into  and  interlock  with  corresponding 
depressions  and  teeth  on  the  other  valve ;  the  structure 
known  as  the  "external  ligament,"  and  which  is  at- 
tached to  the  ''umhones"  of  the  valves,  serving  to 
strengthen  and  retain  in  position  the  hinge-like  appa- 
ratus thus  formed.  An  "  internal  ligament,'*  or  "  car- 
tilage," situated  within  the  hinge-lines  of  the  shell,  also 
exists,  and,  together  with  the  ''external  ligament," 
forms  the  agency  by  means  of  which  the  valves  are 
opened.  The  "  internal  ligament"  is  composed  of  highly 
elastic  fibres,  which  are  compressed  by  the  closure  of 
the  valves ;  whilst  the  "  external  ligament,"  passing 
between  the  valves  on  their  outside  surface,  is  put  on 
the  stretch  when  the  valves  are  shut.  The  opening  of 
the  shell  is,  therefore,  a  purely  mechanical  action,  these 
ligaments  opening  the  valves  in  virtue  of  the  mere 
elasticity  with  which  they  are  endowed,  when  the 
muscles  which  close  the  valves  are  relaxed.  The 
muscles  (adductors),  the  function  of  which  is  solely  to 
approximate  the  valves  to  each  other,  and  so  to  close 
the  shell,  exist  generally  to  the  number  of  two,  their 
situation  being  indicated  on  the  shell  by  corresponding 
impressions.  The  muscle  situated  in  the  neighbour- 
hood of  the  mouth,  and  consequently  at  the  anterior 
border  of  the  shell,  is  known  as  the  "  anterior  adduc- 
tor"  (Figs.  73  and  74,  a) ;  whilst  the  remaining  muscle. 
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situated  posteriorly,  is  termed  the  "  posterior  adductor" 
(Fig.  7  4,  Z).  In  certain  families  of  the  Lamellibranchiata, 
typically  represented  by  the  Oysters  (Fig.  73,  C),  and 
Scallops,  only  a  single  muscle  exists  ;  this  single  organ 
being  regarded  as  homologous  with  the  ''posterior" 
muscle  of  the  other  and  majority  of  forms.  Lastly,  it 
may  be  noticed  that  the  foregoing  feature  in  the  morpho- 
logy of  this  group  has  been  employed  as  the  basis  of 
certain  systems  of  classification  ;  the  Lamellibranchiata 
being,  according  to  this  mode,  divided  into  two  sections, 
in  the  first  of  which,  that  of  the  Monomyaria — ^those 
forms  possessing  but  a  single  muscle  (Fig.  73,  C) — ^are 
included ;  whilst  the  Dimyaria  (Fig.  73,  A,  B)  include 
those  in  which  two  muscles  are  found. 

The  internal  surface  of  the  shell  is  lined  by  a  soft 
vascular  membrane,  enveloping  the  viscera  generally, 
and  appropriately  termed  the  "  pallium,"  or  "  mantle  " 
(Fig.  74,  r,  r),  to  the  form  and  relations  of  which  it  is 
necessary  to  direct  particular  attention.  The  "  mantle" 
is  the  chief  agent  in  the  formation  of  the  shell,  and 
whilst  the  secretion  of  calcareous  material  seems  to  take 
place  over  its  entire  surface,  the  edges  of  the  structure 
appear  more  especially  to  be  provided  with  the  secret- 
ing glands.  The  connections  and  relations  of  the  two 
"  lobes,"  or  halves  of  the  mantle,  afford  means  of  classi- 
fying and  subdividing  this  extensive  group  ;  since  we 
arrange  the  Lamellibranchiata  in  two  distinct  and 
characteristic  divisions,  accordingly,  as  the  mantle-lobes 
are  arranged  after  one  or  other  of  two  &shions.  In  the 
first  and  simplest  iype^  the  mantle-lobes  are  uncon- 
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necied  and  ainiply  attached,  each,  to  the  edge  of  the 
valve  it  lines,  and  the  maigins  of  the  valves  are  thus 
free  along  their  entire  length.  In  the  second  type,  the 
mantle-lobes  are  more  or  less  completely  united  by  their 
edges,  and  are  drawn  out  to  form  siphons  or  tabes  of 
considerable  length,  for  the  admission  of  water  to,  and 
its  expulsion  &om,  the  gills.  These  typical  siphons 
are  retractile,  and  provided  with  special  muscles,  by 
means  of  which  they  can  be  withdrawn  into  the  shelL 
An  inspection  of  the  shell  of  any  particular  Lamelli- 
branchiate  at  once  shows  whether  the  animal  in  ques- 
tion possessed  these  retractile  siphons  or  not,  since  the 
line  by  which  the  mantle  was  attached  to  each  valve  is 
clearly  marked  in  the  shell,  the  line  being  known  as 
the  "pallial  line''  (Fig.  73,  b).  Accordingly,  in  those 
shells  of  the  first  type,  in  which  no  siphons  are  present 
—or,  as  wiU  be  presently  explained,  where  the  siphons 
were  non-retractile — ^the  "  pallial  line  "  runs  in  an  even 
and  unbroken  course  along  the  edge  of  the  shell  (Fig. 
73,  A)  ;  in  other  words,  it  is  "  entire."  Whilst  in  the 
second  type  of  shell,  the  animal  of  which  possessed 
retractile  siphons,  the  ''paUial  line"  is  observed  to 
curve  inwards  posteriorly,  and  so  to  form  an  indenta- 
tion known  as  the  "  pallial  sinus  **  (Fig.  73,  B,  c) ;  the 
"sinus"  corresponding  to,  and  indicating  the  situation 
of,  the  "retractor"  muscles,  by  means  of  which  the 
siphons  could  be  retracted  within  the  shelL  Between 
these  two  typical  extremes  a  series  of  forms,  exemplify- 
ing intermediate  conditions  of  the  mantle-lobes,  are 
observed.    Thus,  we  may  advance  from  the  first  and 
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simplest  condition  (Ostrea),  (Fig.  73,  C),  where  the 
mantle-lobes  are  free  and  ununited  throughout  their 
entire  length,  to  other  forms  in  which  the  mantle-lobes 
are  united  along  a  certain  portion  of  their  extent  (My- 
tilu8)j  two  special  apertures  being  now  provided  for  the 
admission  of  water  to  and  its  expulsion  from  the  gills  ; 
whilst  in  the  next  stage  we  iind  these  two  apertures 
being  prolonged  into  tubes  or  siphons  (Cardium), 
which,  however,  are  of  limited  size,  and  not  capable  of 
being  retracted  within  the  shell.  In  each  of  these  in- 
stances, therefore,  the  ''pallial  line"  is  entire  and 
simple.  But  when  we  arrive  at  the  next  and  last  stage, 
the  perfection  of  this  arrangement  is  attained;  the 
siphons,  in  this  latter  case,  being  retractile,  provided 
with  special  retractor  muscles,  and  the  ''  pallial  line " 
exhibiting  a  deflection  in  its  course ;  this  deflection  or 
*^  sinus,"  as  previously  remarked,  indicating  the  site  of 
the  retractor  muscles  of  the  siphons.  The  illustrations 
depicted  at  Fig.  73  will  serve  to  render  this  arrange- 
ment more  intelligible  to  the  reader. 

Those  Lamellibranchiates,  therefore,  in  which  the 
pallial  line  is  simple  and  entire,  form  the  section  Inte- 
gro-Pallialia  (Fig.  73,  A,  C) ;  whilst  those  forms  in 
which  the  pallial  line  is  indented,  and  in  which,  accord- 
ingly, the  siphons  are  retractile,  are  included  in  the 
division  Sinu^Pallialia  (Fig.  73,  £).  This  distinction, 
it  must  be  remembered,  is  subsidiaiy— so  far  as  the 
classification  of  the  group  is  concerned — to  another  and 
primary  consideration,  namely,  the  presence  or  absence 
of  respiratoiy  siphons.    The  special  features  of  this 
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subject  will  be  noticed  when  treating  of  the  subdivi- 
sions of  the  group. 

In  the  Lamellibranchiata  a  muscular  organ,  applied 
to  a  variety  of  uses,  and  termed  the  "foot "  (Fig.  74,  m), 
is  very  generally  present.      This    oigan    is   usually 
situated  anteriorly,  the  mouth  opening  at  its  base.     It 
varies  greatly  in  form  and  development,  attaining  its 
greatest  degree  of  perfection  amongst  the  Dimyarian 
bivalves ;  whilst  among  the  Monomyarians  it  exists  in 
a  very  rudimentary  and  abortive  form.      With  regard 
to  the  various  functions  to  which  the  foot  is  applied, 
these  are  many  and  various.     Thus,  in  the  Cockles,  the 
foot  is  used  to  enable  the  animal  to  effect  leaps  of  very 
considerable   extent.      In  the   Solenidce,  or  "  Bazor- 
shells,"  it  subserves  the  function  of  a  boring-oigan, 
being  employed  by  these  forms  to  burrow  in  the  sand ; 
whilst  in  the  Pinna,  or  more  familiarly  in  the  common 
Mussel,  the  foot  is  applied  to  the  manufSacture  of  a 
peculiar  thread-like  structure,  known  as  the  "  byssus," 
and  by  means  of  which  these  bivalves  attach  themselves 
to  fixed  objects.     "Whoever,"  says  Mr.  Gosse,  "has 
attempted  to  wrench  up  a  Mussel  ttom  one  of  those 
shallow  rock-pools,  in  which  they  lie  as  closely  packed 
as  paving-stones,  will  have  had  proof  of  the  gieat 
strength  of  these  threads,  no  small  violence  being 
required  to  detach  one."     The  threads  of  which. the 
"  byssus  "  is  composed  are  secreted  at  first  as  a  viscid 
fluid,  in  a  groove  or  fissure  situated  on  the  under-sur- 
face  of  the  foot.     This  shortly,  on  exposure  to  the  air, 
or  by  contact  with  the  water,  hardens  into  a  thread* 
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like  consistency,  and  the  eztremity  of  the  foot  being 
applied  to  a  fixed  surface,  and  then  retracted,  the 
thread  thus  formed  is  pulled  out  of  the  groove  and 
added  to  the  mass  of  fibres  previously  secreted ;  a  fresh 
secretion  being  in  turn  prepared.  The  "  byssus "  of 
the  Pinna,  a  form  allied  to  our  common  Mussel,  and 
found  on  the  Mediterranean  coasts,  is  of  a  fine  silky 
texture,  and  is  used  by  the  inhabitants  of  the  Sicilian 
and  Italian  coasts  in  the  manufacture  of  a  strong 
durable  fabric. 

The  digestive  system  comprehends  a  distinct  mouth 
(Fig.  74,  b),  situated  between  the  base  of  the  foot  and 
the  anterior  adductor  muscle  (a),  and  provided  with 
four  small  membranous  ''  palpi,"  but  destitute  of  any 
dental  apparatus — a  feature  which  affords  a  strong 
contrast  to  the  arrangement  in  the  succeeding  classes, 
in  which  a  distinct  masticatory  apparatus  is  present. 
The  stomach  (c)  is  laige,  and  the  intestine  (d),  after  a 
few  convolutions — ^its  first  flexure  being  neural — and 
after  passing  through  the  substance  of  the  foot»  and  in 
some  cases  perforating  the  walls  of  the  heart,  termi- 
nates in  a  distinct  anus  (e),  situated  posteriorly,  and 
usually  in  close  proximity  to  the  posterior  adductor 
muscle  (l).  A  capacious  liver  (/)  exists,  and  pours  its 
secretion  by  various  ducts  into  the  stomach. 

The  haemal  or  blood-vascular  system  is  typically 
represented  by  a  two-chambered  hearty  consisting  of  an 
auricle  and  ventricle  (Fig.  74,  h,  i),  although  two 
auricles  and  a  ventricle  would  appear  to  be  present  in 
several  instances.     The  auricle,  or  lesser  chamber  (k), 
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receives  the  purified  blood  firom  the  gilla,  the  Tentricle, 
or  larger  cavity  (i),  propelling  it  throngh  the  sjrsteiu. 
The  venous  blood  is  Tetsmed  to  the  gille  for  aerati<m 
by  the  venous  trunks,  and  without  the  direct  ageocy  of 
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the  hearty  which  is  thus  seen  to  be  a  purely  tystemie 
organ,  being  occupied  solely  in  Bending  the  blood 
through  the  body. 

The  respiratory  organs  form  a  characteristic  feature 
of  this  class,  these  structures  existing  in  the  fonn  of 
four  plate-like  (lameUiform)  gills,  disposed  two  on  each 
side  of  the  body.  Each  gill  (k)  consists  of  membran- 
ous "laminte,"  or  plates,  highly  vasculsr,  and  richly 
supplied  with  vibratile  cilia,  the  entire  structure  of 
these  organs  being  suited  to  the  constant  circulation  of 
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water  and  the  consequent  and  due  aeration  of  the 
blood.  The  means  whereby  water  is  admitted  to  the 
gills  having  been  already  described,  it  only  remains  to 
notice  that  in  those  forms  in  which  siphons  exists  one 
of  these  respiratory  tubes  is  termed  the  "  inhalent," 
whilst  the  other  is  known  as  the  **  ezhalent "  siphon ; 
firesh  water  being  admitted  to  the  giUs  by  the  former, 
whilst  the  effete  water  of  respiration  is  expelled  by  the 
latter  tube  (Fig.  75,  a). 

The  nervous  system,  in  accordance  with  the  typical 
arrangement,  consists  of  the  three  principal  ganglia, 
known  respectively  as  the  "cerebral"  (Fig.  74,  w), 
"pedal"  (o),  and  "branchial"  (p)  ganglia.  To  the 
latter  the  term  "  parieto-splanchnic  "  ganglia  is  some- 
times applied,  the  name  being  given  to  this  centre, 
from  the  fact  of  its  supplying  the  waUs  (parietes)  of 
the  body,  and  the  viscera  generally. 

The  sexes  in  the  migority  of  Lamellibranchiates  are 
situated  in  separate  individuals,  but  several  forms 
appear  to  be  hermaphrodite.  The  generative  organs 
(Fig.  74,  g)  are  imbedded  in  the  general  mass  of  the 
viscera. 

The  habits  of  these  bivalves,  together  with  their 
habitats,  are  very  varied.  The  majority  exist  in  a  free 
and  unattached  condition,  iuhabiting  the  sandy  shores 
of  the  world.  Others  (such  as  the  Solenidce)  burrow  in 
the  sand ;  whikt  others,  exemplified  by  the  Pholas  and 
Teredo  (Fig.  75,  a,  5),  excavate  holes  and  dwelling- 
places  in  rocks  and  in  wood;  the  shells  constituting 
the  chief  agency  by  which  these  operations  are  carried 


on,  and  the  structure  of  these  organs  being  pecullailj 
fitted  for  the  perfurmance  of  this  especial  duty.  The 
function  of  the  elongated  siphon  of  the  Fholas  and  its 
1  means  of  commnmcation  with 
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the  external  world,  as  the  creature  lies  ensconced  in  its 
burrow,  will  readily  be  perceived.  The  Oysters  and 
their  allies,  again,  attach  themselves  diiecUy  by  their 
shells  to  the  ground ;  whilst  the  Mussels,  the  Finns, 
and  their  neighbonts,  moor  themselves  to  fixed  objects 
by  means  of  the  "  byasus,"  which  forms  so  characteristic 
a  feature  of  these  Molluscs. 

Clabsificatioij. — ^The  LamelUhranehiata  are  divided 
into  two  orders,  distinguished  respectively  by  the 
piesence  or  absence  of  respiratory  siphons.     In  the 
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Asiphonida,  forming  the  first  of  these  two  orders,  no 
siphons  exist,  the  mantle-lobes  being  united,  and  the 
palUal  line  being  simple  or  '*  entire." 

In  the  Siphonida^  respiratory  siphons  are  present, 
but  the  extent  to  which  the  mantle-lobes  may  be 
united  varies  considerably,  as  previously  remarked, 
throughout  the  group. 

To  the  Asiphanida  belong  the  families  Ostreidm 
(Oysters),  MytilidcB  (Mussels),  UnionidcB  (Fresh- water 
Mussels),  and  other  but  less  familiar  forms. 

The  Siphonida  are  divided  by  the  presence  or  absence 
of  a  ''  pallial  sinus  "  into  two  sections.  In  those  forms 
{IrUegro-pallialia)  in  which  the  pallial  line  is  entire  the 
siphons  are  non-retractile ;  whilst  in  those  (Sinu- 
paHialia)  in  which  a  "  pallial  sinus  "  exists,  the  siphons 
are  retractile,  and  exhibit  a  correspondingly  high  de- 
gree of  development. 

Of  the  families  included  in  the  first  section  (Integro- 
pallialia)  of  this  latter  group,  the  most  £uniliar  are 
the  TridcKfiidoB  (Clam-sheUs)  and  the  Gardiadcn 
(Cockles);  whilst  the  second  section  {Sinurpallialid) 
comprises  the  familiar  Myaeidce  (Gapers),  Solenidce 
(Bazor-shells),  and  the  PholadidoB  (Fholas,  Teredo), 
of  which  illustrative  examples  are  depicted  in  Fig. 
75. 


CHAPTER  XVI. 

MOLLUSCA  PROPER. 

Class  V.  Gasteropoda. 

General  Stracture  of  Gasteropoda— Claaaification. 

The  consideration  of  this  class  introduces  us  to  those 
Molluscs  in  which  a  distinct  head  is  present,  and  to 
which  the  collective  terms  EncepJiala  or  CephaJqphora 
are  applied.  The  memhers  of  this  group  are  distin- 
guished hy  the  possession  of  a  broad  locomotiTe  disc  or 
"  foot "  (Fig.  78,  a),  situated  on  the  ventral  or  inferior 
surface  of  the  body,  and  from  the  presence  of  which 
the  name  Gasteropoda  or  ''belly-footed"  Molluscs  is 
derived.  A  familiar  instance  of  the  Gasteropod  and 
its  foot  is  seen  in  the  common  Snail  or  Whelk  (Fig.  79, 
A),  progression  being  in  either  case  effected  by  the 
ventral  disc. 

The  shell,  when  present,  is  either  ''  univalve,'*  that 
is,  composed  of  a  single  piece  ;  or  it  may  be  composed 
of  many  pieces,  as  in  Chiton,  when  it  is  said  to  be 
"  multivalve."  In  no  Gasteropod  is  the  shell  "  bivalve." 
Finally,  in  certain  members  of  this  group  the  shell  is 
of  rudimentary  structure,  or  may  be  absent  altogether. 
The  typical  form  of  the  Gasteropod  shell  is  that  of  a 
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hollow  cone,  and  this  in  its  simplest  state  is  seen  in 
the  case  of  the  Limpets,  in  which  the  shell  exists  as  '^  a 
simple  cone,  placed  upon  the  back  of  the  cieature, 
which  it  completely  covers,  and  upon  which  it  is  evi- 
dently moulded.''  As  in  the  previous  class,  the  shell 
is  secreted  by  the  ''mantle,"  certain  portions  of  which, 
however,  to  be  afterwards  noticed,  are  more  especially 
devoted  to  the  function  of  enlarging  and  extending 
the  shelL  If  we  now  suppose  that  the  simple  shell  of 
the  Limpet  is  drawn  out  into  an  elongated  cone,  and 
that  this  cone  is  twisted  in  a  spiral  manner  round  a 
central  axis  or  ''  columella,"  we  shall  then  have  a  suffi- 
ciently correct  idea  of  the  principal  and  typical  modificar 
tion  of  the  shell  in  this  class ;  the  plan  of  structure  on 
which  the  shell  is  thus  constructed  being  known  as 
the  "spiral  univalve."  The  spiral  "coils"  of  the 
shell,  or  "  whorls,"  as  they  are  technically  designated, 
are  generally  turned  towards  the  right  side,  the  shells 
in  which  this  arrangement  is  found  being  known  as 
"dextraL"  Li  a  few  forms,  however,  the  spire  is 
turned  towards  the  opposite  (left)  side,  in  which  case 
the  shells  are  termed  "  reverse  "  or  "  sinistral" 

The  body  in  the  Grasteropoda,  in  consequence  of  this 
spiral  arrangement,  is  generally  unsymmetrical ;  a 
greater  preponderance  being  given  in  the  majority  of 
instances  to  the  right  side.  In  some  naked  or  shell- 
less  forms,  however,  the  body  is  equally  developed  on 
each  side,  the  symmetry  being  thus  perfect 

The  mantle  forms  a  continuous  covering  to  the 
body,  and,  as  in  the  LameUibranchiata,  appears  to  be 
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capable  of  the  deposition  of  calcareous  matter  over  its 
entire  surfiftce.  The  last  or  "  body"  whorl  of  the  shell 
is  lined  bj  a  thickened  portion  of  the  mantle  (Fig.  78, 
A;),  to  which  the  name  of  "  collar"  is  applied,  and  upon 
this  latter  structure  devolves  the  function  of  more  par- 
ticularly extending  and  adding  to  the  size  and  dimen- 
sions of  the  shelL 

The  aperture  of  the  shell  presents  several  features  of 
interest,  the  conformation  of  the  margin  of  the  "  body- 
whorl"  exhibiting  certain  variations  of  structure 
throughout  the  group.  The  margin  of  the  aperture 
is  known  as  the  "  peristome,"  and  in  one  description  of 
shell  the  peristome  is  **  entire"  and  unbroken ;  this 
arrangement  being  characteristic  of  the  Phytophagous 
or  plant-eating  Gasteropoda.  In  the  second  type,  the 
margin  is  indented  by  a  notch,  or  may  be  elongated  to 
form  a  canal  for  the  reception  and  protection  of  a 
respiratory  tube  or  "  siphon ;"  this  latter  feature  being 
indicative  of  the  Carnivorous  or  Flesh-eating  propen- 
sities of  this  latter  group.  In  certain  instances,  two 
of  these  siphons,  termed  respectively  "  anterior "  and 
''  posterior,"  are  found ;  this  arrangement  in  these  latter 
forms,  however,  being  entirely  independent  of  the 
nature  of  the  food.  The  shells  of  the  former  descrip- 
tion, in  which  the  margin  of  the  aperture  is  entire,  are 
accordingly  known  as  "  Holostomatous"  shells  (fig. 
76,  a) ;  whilst  those  in  which  the  peristome  is  notched 
or  indented,  and  in  which  siphons  exists  are  termed 
'' Siphonostomatous  "  (Fig.  76,  b)  Gasteropods. 

The  "foot"  (Fig.  78,  a,  and  Fig.  79,  A)  in  the 
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typical  Gasteropoda,  is  used  exdnsivelj  for  locomotive 
purposes,  movements  being  effected  by  snccesaive  con- 
tractiouB  of  the  segments,  into  wliich  the  "  ftmt"  ap- 
peals to  be  divided.  The  "  foot "  varies  in  develop- 
ment throughout  the  group,  hut  in  general  appears 
to  attain  its  greatest  perfection  in  the  Bhell-bearing 
forms,  whilst  in  the  naked  species  the  "  foot "  is  small 
and  radimentary,  and  appears  to  be  used,  in  some  in- 
stances at  least,   as   a  natatory  or  swimming  organ 
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(Fig.  80,  e).  The  "  foot "  can  be  retracted  'within  the 
shell  of  the  creature,  and  its  posterior  surface  is,  in  the 
mqjority  of  instances,  furnished  with  a  calcareous  oi 
homy  plate,  termed  the  "  operculum,"  which  accurately 
fits  the  aperture  of  the  shell,  and  thus  serves  to  close 
the  orifice  when  the  creature  has  withdrawn  into  its 
abode.  The  "  operculum  "  (Fig.  78,  6  /  Fig,  79,  A,  a) 
has  been  regarded  by  some  Eoologists  aa  analogous  to 
the  second  valve  of  the  lAmelllbranchiate  shell,  whilst 
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other  authorities  maintain  its  affinity  with  the  ''  byssus*' 
or  foot-secretion  of  certain  members  of  that  class. 

The  mouth  (Fig.  78,  d)  is  generally  situated  on  the 
lower  surface  of  the  well-marked  head,  but  may  be 
borne,  as  in  the  Whelk,  on  an  elongated  protrusible 
proboscis.  In  the  mouth  of  all  Gasteropods  a  peculiar 
organ,  termed  the  "tongue,"  "lingual  ribbon,"  or 
" odontophore"  (Fig.  77),  exists;  and  in  addition  to 


Fig.  77.  TcETH  AND  Masticatobt  Appabatus  or  Oaste&opoda. 

A,  Portion  of  odontophore  of  VehUifM  (enl&rged).  B,  Portion  of  odonto- 
phore  of  Whelk  fBuocinvim  undatumj  magnified  (Woodward).  C,  Head 
and  odontophore  of  the  Common  Limpet  fPaUUa  vulgtUaJ.  D,  Portion 
of  the  same,  greatly  magnified,  to  ahow  the  tranaTerae  rows  of  sfUoeooa 
teeth. 

this  oigan,  homy  jaws  are  sometimes  also  present. 
The  "  odontophore,"  which  in  most  Gasteropods  attains 
a  considerable  length,  consists  (as  in  the  limpet.  Fig. 
77,  C,  D)  of  an  elongated  ribbon-like  structure,  sup- 
ported by  two  cartilaginous  rests,  to  which  the  muscles 
moving  the  organ  are  also  attached.  On  submitting 
this  structure  to  microscopical  examination  (Fig.  77, 
D),  transverse  rows  of  siliceous  or  flinty  teeth  are  seen 
to  be  imbedded  in  its  substance.  The  anterior  or  free 
extremity  of  the  "odontophore"  is  of  hard  consistency, 
whilst  the  posterior  and  attached  portion  is  compara- 
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tively  soft.  The  growth  of  the  organ  takes  place  from 
the  posterior  extremity,  and  as  the  anterior  part  is 
worn  away  by  the  constant  attoition,  new  growths  of 
substance  are  as  continually  taking  place  at  the  pos- 
terior portion ;  these  fresh  growths  gradually  supplying 
the  place  of  the  worn  portions,  and  in  turn  assuming  the 
necessary  hardness  for  the  due  performance  of  the  tritu- 
rating process.  In  the  Whelk  a  modification  of  this 
structure  is  observed,  the  "odontophore"  (Fig.  77,  B), 
in  this  case,  being  contained  within  the  muscular  pro- 
boscis; and  being  supported  on  two  cartilaginous 
plates,  by  the  movements  of  which  the  "  odontophore" 
is  made  to  act  somewhat  after  the  fashion  of  a  chain- 
saw,  and  in  this  manner  effectually  to  rasp  down  and 
triturate  the  hard  substances  upon  which  these  crea- 
tures may  subsist.  The  important  part  also  played  by 
this  structure,  in  the  boring  operations  of  the  Whelk, 
whereby  that  creature  erodes  the  shells  of  other  Mol- 
luscs, and  upon  the  soft  parts  of  which  it  feeds,  will 
readily  be  perceived. 

Salivary  glands  (Fig.  78,  e)  pour  their  secretion  into 
the  mouth,  from  which  an  oesophagus  leads  to  a  dis- 
tinct stomach  (/),  in  the  mucous  or  lining  membrane  of 
which,  calcareous  projections  or  teeth,  serving  further 
to  triturate  the  food,  may  be  developed.  The  intestine 
(^gg)ia  generally  of  considerable  length,  its  first  flexure 
being  in  the  majority  of  instances  haemal,  whilst  in 
other  cases  it  turns  first  towards  the  neural  aspect  of 
the  body.  The  anus  (h)  is  in  general  situated  close  to 
the  margin  of  the  branchial  or  respiratory  chamber  (n). 
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and  thofi  in  cloee  pToxunity  to  the  keod  and  anterior 
portion  of  the  body.  The  liver  (t)  ia  laige,  and  inti- 
mately connected  to  the  stomach  and  intoetinee,  the 
latter  organs  being  firmly  invested  in  its  voluminous 
folds. 
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bimncbUl  or  £lU  chamber ;  d»  Tiirnlar  "  dlapbra^pn,"  or  flodr  of  rcApl- 
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The  heart  is  situated  doTsally,  and  in  the  nei^bonr- 
hood  of  the  reepiiatoiy  organs.  It  consiata  of  an 
auricle  (fig.  78,  «),  or  lesser  chamber,  receiving  the 
purified  blood  firom  the  reepiratoiy  organs,  and  a  ven- 
tricle {t)  or  larger  chamber,  propelling  ^e  blood  throngh 
the  ByBt«m,  these  tvo  cavidee  being  aepaiated  by  a 
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distinct  yalve.  The  heart  in  the  present  instance,  like 
that  of  the  preceding  dass,  is  purely  systemic  in  func- 
tion, the  hlood  being  conveyed  to  the  gills  for  pnnfi- 
cation  by  the  venous  trunks  (rr),  but  without  the 
agency  of  the  heart. 

The  respiratory  organs  of  this  class  vary  with  the 
habits  of  the  different  forms  included  within  its  limits. 
Thus,  in  the  aquatic  forms,  true  gills  (p)  exist,  whilst 
in  the  terrestrial  species — ^represented  by  the  Snail — ^we 
find  a  pulmonary  or  lung  sac  (n)  taking  the  place  of 
gills.  The  nature  and  arrangement  of  the  breathing 
organs  have  been  used  as  a  basis  for  the  classification 
of  the  group ;  and,  accordingly,  the  more  minute  and 
difierential  points  will  be  more  appropriately  noticed 
when  treating  of  the  various  subdivisions  of  the  class. 
The  two  chief  structural  types  on  which  the  respira- 
tory organs  are  constructed,  may  be  briefly  alluded  to 
in  the  present  instance.  In  the  Whelk,  which  may  be 
selected  as  exemplifying  the  marine  or  '' Branchiate'' 
Gasteropoda,  the  respiratory  organs  exist  as  plume-like 
giUs  or  branchiae  (jp),  enclosed  in  a  special  chamber  (n) 
(branchial  chamber),  situated  on  the  dorsal  aspect  of 
the  animaL  This  chamber  is  formed  by  a  special  fold 
or  reduplication  of  the  mantle,  and  water  is  admitted 
to  the  contained  gills  by  a  special  aperture  (Q,  or,  in 
many  cases,  by  means  of  a  respiratory  tube  or  ''  siphon" 
(Fig.  79,  A,  b).  As  previously  mentioned,  two  siphons 
may  occasionally  be  present,  in  which  case  one  serves  as 
an  "  inhalent "  tube,  the  other  as  an  "  exhalent "  chan- 
neL     In  the  Snails,  on  the  other  hand,  exemplifying 
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the  terrestrial  Gasteropods,  breathing  is  effected  by  means 
of  a  pulmonary  or  lung  chamber  (Fig.  78,  n),  situated 
similarly  to  the  branchial  chamber  of  the  aquatic  forms. 
The  waUs  and  floor  (diaphragm)  (Fig.  78,  o)  of  this 
chamber  are  formed  by  a  highly  vascular  membrane,  in 
which  the  minute  capillary  blood -yessels,  carrying 
venous  blood,  are  very  thickly  distributed.  Air  is 
admitted  to  the  chamber  by  a  special  aperture  situated 
on  the  right  side  of  the  neck,  and  which  can  be  closed 
at  the  will  of  the  animaL  The  walls  of  this  pulmo- 
nary chamber  appear  to  contract  and  expand,  and  in  this 
manner  the  inhalation  and  expulsion  of  air  is  duly 
provided  for. 

The  nervous  system  is  subject  to  many  modifications, 
and  often  deviates  from  the  typical  arrangement  The 
three  chief  ganglia  (Fig.  78,  to,  x,  y)  are,  however,  gener- 
ally to  be  recognised,  the  ''cerebral"  ganglion  espe- 
cially retaining  its  original  position  and  relations  in 
the  majority  of  instances.  The  principal  modification 
of  the  nervous  system  in  the  present  group  appears  to 
be  the  coalescence  of  the  nervous  centres  in  the  region 
of  the  head. 

Organs  of  sense  are  well  developed  throughout  the 
class.  Two  eyes,  generally  supported  on  stalks  (pedun- 
culated), are  usually  present,  whilst  a  pair  of  tentacles 
(Fig.  78,  c),  exercising  the  sense  of  touch,  are  very  con- 
stant appendages  to  the  head.  Auditory,  or  hearing 
vesicles,  consisting  of  small  cysts,  containing  fluid  and 
particles  of  mineral  matter  (otoliths),  are  generally 
found  situated  at  the  bases  of  the  tentacles. 
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Whilst  in  the  majority  of  instances  the  sexes  in  the 
Gasteropoda  are  distinct,  several  memhers  of  this  group 
are  hermaphrodite,  the  sexes  heing  contained  in  the 
same  individual.  The  bulk  of  the  generative  organs  is 
embedded  in  the  mass  of  the  liver,  the  excretory  ducts 
(Fig.  78,  m)  of  the  reproductive  system  opening  in 
close  proximity  to  the  anal  aperture,  and  on  the  right 
side  of  the  neck.  The  eggs  of  the  Gasteropoda  aro 
enclosed  in  coriaceous  or  leathery  capsules  (**  nida- 
mental  capsules"),  and  are  agglutinated  together  in 
packets  or  masses,  which  form  common,  yet  sufficiently 
carious  objects  of  the  shore. 

Classification. — The  Gasteropoda  are  primarily 
divided  into  two  sections,  distinguished  by  their  habits, 
and  by  the  corresponding  structure  of  the  respiratory 
apparatus. 

In  the  first  of  these  sections  or  sub-classes,  that  of 
the  Branchi/era,  the  respiration  is  aquatic,  and  the 
breathing  organs  exist  typically  in  the  form  of  gills ; 
whilst  the  second  section  or  sub-class  includes  the  ter- 
restrial forms  which  respire  by  lung-sacs,  and  which 
are  accordingly  known  as  the  Fulmoni/era,  In  the 
BrancJii/era  the  flexure  of  the  intestine  is  hsemalj 
whilst  in  the  Ptdmoni/era  it  is  neural 

The  Branchtfera  are  divided  into  three  orders : — 

Order  1.  Prosohranchiatcu 

Order  2.  OpistJiobranchtata, 

Order  3.  Nudeohranchiaia  {Heieropoda), 
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Order  1.  Prosohranchiata. — All  the  members  of  this 
group  possess  a  shell,  into  which  the  animal  can  with- 
draw itself  at  will  The  gills  are  placed  anteriorly  to, 
or  in  front  of  the  hearty  from  which  circumstance  the 
technical  name  of  the  order  is  derived.  The  aexes^  in 
the  present  instance,  exist  in  separate  individuals. 
This  group  is  subdivided  into  the  subordinate  divisions 
of  the  Holostamata  and  Biphonostomaia,  In  the  first 
of  these  latter  sections  the  margin  of  the  shell  is  en- 
tire ;  whilst,  in  the  second  group,  the  margin  is  notched 
or  indented,  for  the  passage  of  respiratory  siphons.  Of 
the  families  included  in  the  Holostomatous  section,  the 
most  familiar  are  the  LittorinidcB  (Periwinkles)  (Fig. 
76,  a);  Turbinidce  (Top-shells);  Pa/eZZi^  (Limpets) ; 
Dentalidce  (Tooth-shells) ;  Chitonidce  (Chitons).  The 
best-known  families  included  in  the  Siphonostomaiotts 
section  are  the  Muricidce,  BucdnidcB  (Whelks),  (Figs. 
76  6,  and  79  a),  Cyjprceidm  (Cowries);  and  Conidm 
(Cone-shells). 

Order  2.  Opisthobranchiata. — In  this  order  the 
shell  is  rudimentary,  or  may  be  absent :  the  branchis 
are  more  or  less  exposed,  and  are  situated, — as  implied 
by  the  term  OpistJwbrancJiiate — towards  the  posterior 
extremity  of  the  body.  The  sexes  are  united  in  the 
same  individual 

This  order  is  also  divided  into  two  sections,  in  the  first 
of  which,  the  (a)  Tectibranchiata,  the  gills  are  covered 
by  the  mantle  or  by  a  rudimentaiy  shell.  The  Aply- 
aictdcBj  or  "  Searhares,"  form  the  most  familiar  examples 
of  this  group,  which  also  includes  the  BtdlinidcB,  popu- 
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larljr  knovQ  aa  "  Babble-ahells."  Among  tba  Nudi- 
braiKhiala,  ot  "  Naked-gilled  "  members  of  thia  order, 
the  well-known  "  Sea-Lemona  "  {Dorida),  of  wbicb  a 
representative  form  b  depicted  at  Hg.  79,  B,  are  in- 
cluded. The  (6)  Nudibranehiata  do  not  poaaees  a  ahell, 
and  the  gills  ais  external,  preaentiog,  as  depicted  in  tbe 
figure,  a  beaatiful  arboreeceut  or  branched  appearance. 
Tbe  "  Sea-alugB  "  (^did<e),  in  which  tbe  brancliiie  are 
arranged  along  the  aidee  of  the  neck,  alao  belong  to 
tbisgroQp. 

Order   3.     Nudeobranchiata    {Heter<^da). — This 


«ninum  Whelk.  wlUi  (Mended  foot,  ib 
a,  tbe  opflnulmD ;  and  b,  tbe  elphon.  B,  Attinoejfdut  gratiMJIoni,  one 
o(  tba  Dtrlda,  or  "  aea-Lemou,"  ibcnriiig  the  irboraKSnt  brucbla 
Is  tbdieipwidedMate. 

group  embracee  a  oamber  of  aeemingly  abeirant  forma, 
bnt  wbich  neTertbelesa  exhibit  a  decidedlf  higher 
oiganiaation  than  tbe  other  members  of  this  extensive 
class.  The  Nudeobranehiata,  represented  typically  by 
tbe  Carinaria  (Pig.  80),  are  free-Bwimmiag  and  oceanic 
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in  their  habits,  looomotion  being  effected  by  means  of  a 
cnrious  "Tertically  flattened,  ventral  fin-like  oi^n" 
(F^.  80,  e),  corresponding  to  a  portion  of  the  ordinary 
Gasteiopodone  "  foot."  A  ehall  may  or  may  not  be  pre- 
aent  In  the  Cariitaria  the  chief  atructura]  pecnliaritiea 
of  the  group  may  be  conveniently  observed.  Thus  the 
mouth,  furnished  with  a  proboscis,  is  depicted  at  a,  the 
tentacles  at  h,  the  flattened  ventral  fin-like  organ  at  e, 


ng.  80.  HrrxBUFODA.    Corindria  cjflnbimm. 
a,  Froboicli ;  h,  tentacla  ;  t,  ihell ;  d,  bnnchUi ;  e.  tbuMJ  Bn-like  oigu. 
btuing  ancklng  diu.    (The  CarfooHa  !■  repreunMd  u  tirlmiulng  in 
tlie  utunl  poftltion,  nunaly.  back  dowDwudi.) 

and  the  mdimentoiy  shell  covering  the  biancbita  (d) 
at  c.  The  Carinaria  swims  back  downwards,  propelling 
itself  by  means  of  the  ventral  fin,  which  is  provided 
with  a  small  sucker,  enabling  the  creature  to  attach 
itself  to  fixed  objects.  In  other  members  of  this  order 
a  well-developed  shell  is  present,  and  into  this  the 
animal  can  withdraw  iteeli^  like  other  Oasteiopods  ;  the 
aperture  of  the  shell,  as  in  ordinary  cases,  being  closed 
by  an  operculum. 
The  second  sub-class  or  primaiy  section  of  the  Gas- 
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teropoda  is  that  of  the  Pidmoni/era,  or  "  lung-bearers," 
in  which  the  respiiation  is  aerial,  the  breathing  organs 
consisting  of  a  pulmonary  chamber,  to  which  the  air  is 
admitted  by  a  distinct  aperture.  The  sexes  are  united. 
This  section  is  divided,  by  the  presence  or  absence  of 
an  operculum,  into  two  subdivisions.  The  Operculaia, 
forming  the  first  of  these  subordinate  groups,  possess 
an  operculum,  and  include  only  a  few  unimportant  forms 
{CyclostomidcB),  allied  to  the  Snails,  which  latter  are 
included  in  the  Inoperculata^  in  which  division  an 
operculum  is  absent  The  shell  may  be  wanting,  or 
rudimentary,  in  the  Inopereulata. 

The  most  fiEuniliar  divisions  of  this  latter  group  are 
the  HdieidcB,  represented  by  our  common  Land  Snails ; 
whilst  the  Limacidce  or  Slugs,  and  LimncBidcB,  or  Pond 
Snails,  also  offer  familiar  examples  of  the  group. 


CHAPTER  XVir. 

iiollubca  fbopbb. 

Class  VL — Ptbbopoda. 

Q«neral  Choracten  nod  Stmctar«  of  Pt«ropo<la — ClassifiatioD. 

CiiABB  VL  Pteropoda. — The  Pteropoda  are  represented 
by  a  limited  group  of  <»niin«li,  free  and  oceanic  in  theii 
babits,  and  for  the  most  part  of  small  or  even  minnte 
size.    The  characteristic  structuial  feature  of  the  group 
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consists  in  the  presence  of  two  muscular  ving-like  ap- 
pendages or  "fins"  (Fig.  81)  attached  to  the  sides  of 
the  neck,  and  vhich,  as  implied  by  the  technical  deaig- 
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nation  of  the  group,  constitute  the  locomotive  organs 
of  these  creatures.  These  appendages  represent  portions 
of  the  ordinary  MoUuscan  **  foot,"  peculiarly  modified 
and  adapted  for  the  particular  function  they  are  in- 
tended to  subserve.  Our  knowledge  of  the  class  is  as 
yet  extremely  limited,  the  habits  of  the  Pteropoda, 
together  with  their  fragile  and  minute  structure,  ren- 
dering the  careful  examination  of  their  forms  a  matter 
of  great  difficulty. 

In  some  species  a  delicate  and  symmetrical  shell, 
(Fig.  81,  B,  C),  of  glassy  transparency,  is  present ;  the 
shell  being  either  of  triangular  shape,  and  consisting  of 
a  dorsal  and  ventral  plate,  or  in  other  cases  it  is  spherical 
in  form.  A  few  genera  are  naked,  and  destitute  of  a 
shell,  tins  peculiarity  serving  to  class  these  latter  forms 
as  a  distinct  subdivision  of  the  group. 

The  characteristic  "  wings,"  or  "fins  "  (Fig.  81,  A,  a 
a),  of  the  Pteropoda  are  used  as  natatory  organs,  these 
creatures  swimming  rapidly  and  in  every  direction  by 
the  action  of  these  structures.  Indeed,  the  elegance 
and  rapidity  of  their  movements  have  procured  for  the 
Pteropoda  the  familiar  name  of  "  butterflies  of  the  sea," 
their  movements  in  the  water  imitating  closely  the 
flight  of  their  aerial  prototypes. 

The  head  appears  to  be  indistinctly  marked  through- 
out the  group,  but  is  furnished  in  the  majority  of 
instances  with  eyes  and  tentacles,  the  latter  organs 
exercising  the  sense  of  touch.  In  addition  to  these 
organs,  the  head,  in  certain  species,  is  provided  with 
several  "conical  appendages,"  each  of  which  is  fur- 
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nished  in  turn  with  an  immense  number  of  minute 
discs.  The  function  of  these  appendages  would  appear 
to  be  that  of  a  prehensile  apparatus. 

The  mouth  (Fig.  81,  A,  c)  is  situated  on  the  inferior 
aspect  of  the  "head,  and  is  provided  with  lateral  jaws, 
whilst  an  armed  tongue,  or  ''  odontophore,"  may  also 
be  present  An  (esophagus  (d)  conducts  to  a  distinct 
stomach  (e),  which  lies  imbedded  in  the  substance  of  a 
large  and  well-developed  liver  (g).  The  intestinal  flexure 
is  towards  the  neural  aspect  of  the  body,  the  anus  (/) 
opening  behind  the  wing-like  appendage  of  the  right 
side.  Salivary  glands  are  generally  present,  and  the 
renal  or  urinary  function  appears  to  be  subserved  by  a 
special  organ. 

The  heart  {k,  m)  corresponds  in  structure  to  that  of 
the  typical  Molluscan  forms,  and  consists  accordingly 
of  an  auricle  {k)  and  ventricle  (m),  enclosed  in  an  outer 
sac  or  "pericardium."  Eespiration  is  performed  by 
means  of  branchisB  or  gills  (h,  A),  which  are,  however, 
of  a  rudimentary  description,  and  which  may  either  be 
free  and  unprotected,  or  enclosed  in  a  special  branchial 
chamber. 

The  nervous  system  is  represented  by  a  large  com- 
pound ganglion  (ti),  the  various  and  component  parts 
of  which  form  a  ring  surrounding  the  gullet,  and  &om 
which  nerves  radiate  to  the  adjacent  organs  and  parts. 
The  eyes  are  of  very  rudimentary  description,  and 
appear  to  be  absent  in  one  genus  (Hydlcea).  The 
tentacles  and  "  conical  appendages "  of  the  head  sub- 
serve the  tactile  sense. 
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The  sexes  are  contained  in  the  same  individual,  the 
Pteropoda  being  thus  hennaphiodite.  The  generative 
organs  occupy  a  considerable  portion  of  the  internal 
space,  and  consist  of  a  large  ovary,  closely  connected 
with  the  mass  of  the  liver,  the  oviduct,  together  with 
the  efferent  duct  of  the  testis  or  male  organ,  opening  in 
a  common  aperture  close  to  the  anal  orifice.  In  their 
development  the  Pteropoda  undergo  a  metamorphosis, 
the  embryonic  form  being  provided  with  a  disc-like 
membrane  or  ''velum,"  which,  in  the  adult  form,  is 
replaced  by  the  "  fins." 

In  their  habits  the  Pteropoda  are  carnivorous,  sub- 
sisting on  the  minute  Crustacea  with  which  the  seas 
they  inhabit  abound.  The  Pteropoda  swarm  in  the 
seas  of  the  Equator,  but  seem  to  exist  in  greatest 
profusion  in  the  Northern  and  Arctic  oceans,  con- 
stituting in  these  regions  vast  fields  of  life,  through 
which,  it  is  said,  ships  may  sail  for  a  considerable 
period.  From  the  exceeding  plenty  in  which  a  parti- 
cular genus — Clio — abounds  in  the  Northern  seas,  it 
has  received  the  popular  name  of  "  Whale's-food;"  a 
term  applied  to  it  from  the  supposition  that  these 
creatures  constitute  a  great  proportion  of  the  food  of 
the  Cetacea  generally.  The  Pteropoda,  moreover,  seem 
to  be  nocturnal  or  crepuscular  in  their  habits,  these 
creatures  appearing  in  myriads  on  the  surface  of  the 
ocean  on  the  approach  of  twilight^  or  after  the  day- 
light has  wholly  disappeared :  to  use  the  words  of 
Professor  Rhymer  Jones,  "  each  species  in  fact  seems  to 
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have  its  appropriate  hoiirs,  or  rather  its  appropriate 
degrees  of  darkness." 

Classification. —  The  Pteropoda  are  divided  into 
two  orders,  in  the  first  of  which — ^that  of  the  Theeaso- 
mata — ^the  body  is  enclosed  in  an  external  shell,  the 
head  being  indistinctly  marked,  and  the  respiratory 
organs  enclosed  in  a  special  cavity.  Of  this  gronp  the 
best-known  examples  are  the  Hyalcea  (Fig.  81,  C),  and 
Ckodora  (Fig.  81,  B).  In  the  second  order — ^that  of 
the  Gymnosomata — the  body  is  unprotected,  a  shell 
being  absent,  the  head,  however,  being  distinct,  and 
the  gills  of  rudimentary  description.  Of  this  group,  the 
Clio — ^from  the  examination  of  which  form  the  struc- 
ture and  relations  of  the  group  have  been  principally 
determined — is  the  typical  example. 


CHAPTEE    XVm. 
mollusga  proper. 

Class  VIL — Cephalopoda. 
General  Characters  and  Stmctnre  of  Cephalopoda — Classification. 

Class  YII.  Cephalopoda. — This  class,  the  last  and 
highest  of  the  Mollascan  sub-kingdom,  is  distingmshed 
by  the  possession  of  a  circle  of  anns,  feet,  or  tentacles, 
borne  on  the  head,  and  in  the  centre  of  which  the 
mouth  is  situated.  From  this  characteristic,  the  name 
Cephalopodous  or  '' Head-footed"  Molluscs  has  been 
derived,  and  a  glance  at  the  figure  of  an  ordinary  mem- 
ber of  the  group  (Fig.  82,  A,  B)  will  show  that  the 
term  has  not  been  misapplied.  The  remaining  special 
and  dLstinctiye  features  of  the  group  are  comprised  in 
the  following  definition  :  body  enclosed  in  a  muscular 
mantle-sac ;  respiration  by  two  or  four  plume-like  gills 
contained  within  the  mantle ;  the  effete  water  of  re* 
spiration  being  ejected  by  an  anterior  aperture,  usually 
prolonged  into  a  tube,  and  termed  the  "  infundibulum," 
or  **  funnel "  (Figs.  82,  A,  B,  and  85,  A)  In  appear- 
ance  the  Cephalopoda  are  sufficiently  remarkable  to 
attract  attention  ;  many  of  these  forms,  indeed,  are  ex- 
ceedingly grotesque,  and  even  uncouth,  and  serve  in  no 
ordinary  manner  to  remind  the  observer  of  the  monsters 
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celebrated  in  fable  and  mythological  lore.  And  wbeii 
we  lastly  lemark  that  the  relations  of  the  group,  viewed 
morphologically,  or  with  regard  to  their  distribntdonal 
aspects,  are  of  the  most  exceptional  kind,  enough  will 
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have  been  said  to  indicate  that  the  study  of  the  Cepha- 
lopoda is  in  every  respect  calculated  to  excite  both 
interest  and  admiration. 

The  external  charBcteristics  of  the  group  demand 
attention  in  the  fiiat  instance.     The  body  in  the  nuyo- 
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rity  of  instances  is  more  or  less  elongated^  and  is 
enclosed  in  a  mantle-sac,  endowed  with  a  considerable 
degree  of  muscular  power.  Of  living  Cephalopoda^ 
only  two  possess  distinct  external  sheUsy  and  of  these, 
as  will  be  presently  noticed,  only  one — the  Pearly 
Nautilus — ^is  provided  with  a  shell  corresponding  to 
that  structure  in  other  MoUusca :  the  so-called  '^  shell '' 
of  the  second  and  remaining  form — the  Argonauiy  or 
Paper  l^autilus — ^being  properly  regarded  as  a  mere  foot- 
secretion.  The  vast  majority  of  existing  Cephalopoda 
are  therefore  destitute  of  an  external  shell,  their  bodies 
being  thus  naked  and  comparatively  unprotected.  An 
internal "  shell"  (Fig.  83),  however,  exists  in  these  latter 
forms,  this  structure  being  found  enclosed  in  the  mantle- 
sac  by  which  it  is  secreted,  and  known  from  its  shape 
and  appearance  as  the  "  sepiostaire,"  "  cuttle-bone,"  or 
**  pen."  This  structure  is  further,  in  many  cases,  of  the 
most  rudimentary  description,  and  its  form  and  relations 
will  be  considered  when  treating  of  the  '^  shelL"  The 
body  in  the  Cephalopoda  is  equally  developed  on  each 
side  of  the  mesial  plane ;  it  is  therefore  bilaterally  sym- 
metrical In  the  Sepia,  which  forms  perhaps  the  most 
typical  example  of  the  group,  the  body  is  somewhat 
ovate  in  form,  the  mantle  being  expanded  at  the  sides 
of  the  body  to  form  a  marginal  fin  (Fig.  82,  A) ;  whilst 
in  the  Common  Squid,  or  Calamary  (Loligo  vulgaris^ 
exemplifying  a  still  more  familiar  species,  the  integu- 
ment is  extended  laterally,  at  the  posterior  extremity  of 
the  body,  two  fins  of  triangular  shape  being  thus  formed. 
The  integument  in  the  Cephalopoda  consists  of  a  firm 
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under  layer,  corresponding  to  the  true  skin,  and  of  an 
upper  transparent  layer  or  ''  epidermis."  Certain  cells 
containing  pigment  of  various  colours  are  embedded  in 
the  under  layer,  or,  as  it  has  been  termed,  the  "  pigmen- 
tal layer"  of  the  skin,  and  to  these  cells  the  term 
"  chromatophora"  has  been  applied.  By  altering  the 
position  of  these  cells,  and  by  thus  bringing  them  into 
view  through  the  transparent  epidermis,  or,  on  the 
other  hand,  depressing  them  into  the  deeper  layer  of 
the  skin,  these  creatures  can  intensify  the  hues  of  their 
bodies,  and  otherwise  change  the  colour  of  the  skin ; 
this  chameleon-like  propensity  having  long  been  ob- 
served in  the  Cephalopoda. 

The  "  arms,"  "  feet,"  or  "  tentacles  "—for  each  or  all 
of  these  designations  apply  equally  well  to  these  ap- 
pendages— may  be  considered  next  in  order.  These 
organs  are  formed  by  peculiar  modifications  of  the 
"  foot,"  the  nature  and  relations  of  which  have  been 
examined  in  the  previous  classes  of  the  MoUusca ;  the 
"  infundibulum"  or  "  funnel"  also  appears  to  be  formed 
by  the  modification  of  part  of  this  structure.  The  arms 
partake  of  the  muscular  power  to  a  very  great  degree, 
and  exist  to  the  number  of  eight  or  ten  in  all  living 
Cephalopods,  save  one — the  Pearly  Nautilus — ^in  which 
these  organs  are  numerous,  and  differ  in  certain  import- 
ant respects  from  those  of  the  other  forms.  In  the 
DecapodouB  Cephalopods  (Fig.  82,  A),  in  which  ten 
arms  exist,  two  of  these  appendages  are  greatly  elon- 
gated, these  latter  being  distinguished  from  the  remain- 
ing and  shorter  ''  arms  "  by  the  name  of  *'  tentacles." 
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The  function  of  the  tentacles  is  probably  that  of  serving 
to  moor  the  animal  to  fixed  objects,  or  for  the  capture 
of  prey  at  a  distance.  The  arms  are  provided  on  their 
inner  surfaces  with  numerous  "  acetabula  "  or  *'  suckers/' 
which  may  be  either  sessile  and  attached  directly  to  the 
"  arm/'  or  supported  on  distinct  processes,  when  they  are 
said  to  be  ^'pedunculated."  Each  *' sucker"  consists 
essentially  of  a  cup-shaped  disc,  bounded  by  a  firm  cartila- 
ginous ring,  and  containing  muscular  fibres,  which  con- 
veTge  towards  the  centre  of  the  disc,  at  which  point  an 
aperture  of  circular  shape  exists,  and  a  small  muscular 
eminence,  or  '' papilla,"  being  contained  within  this  cir- 
cular and  central  aperture.  The  mechanism,  therefore, 
by  which  each  sucker  is  made  to  adhere  firmly  to  any 
surface  to  which  it  may  be  applied,  wUl  be  readily  under- 
stood. The  ^  papilla"  being  retracted  and  depressed 
by  the  action  of  the  radiating  muscular  fibres  of  the 
disc,  a  vacuum  is  produced,  and  the  sucker  is  thus  en- 
abled to  retain  a  firm  hold  of  the  surface ;  whilst  to 
release  its  hold,  the  ''  papilla"  or  "  piston"  has  merely 
to  be  pushed  forwards,  the  vacuum  being  thus  de- 
stroyed, and  the  otherwise  firm  grasp  released.  And 
when  it  is  borne  in  mind  that  the  suckers,  in  the 
majority  of  instances,  are  exceedingly  numerous  on 
each  of  the  arms,  and  that  the  adhesive  apparatus  can 
be  brought  into  play  at  once,  and  with  the  utmost  readi- 
ness, and  at  all  times,  the  tenacity  and  power  of  the 
Cephalopod's  grasp  will  be  readily  appreciated  and 
understood 

In  addition  to  this  comparatively  simple  structure 
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above  described^  the  suckers  in  several  forms  are  pro- 
vided wiih.  booked  processes  or  claws,  this  airangemexit 
adding  to  the  already  perfect  oiganisation  of  this  part 
of  the  economy  of  these  creatures.  Whilst  the  entire 
inner  surface  of  the  ordinary  ''  arms"  is  provided  with 
sucking-diBcSy  the  expanded  extremities  only  of  the 
elongated  "  tentacles"  are  furnished  with  these  appen- 
dages ;  this  arrangement  in  the  case  of  the  **  tentacles" 
being  specially  adapted  for  the  functions,  which,  as 
previously  noticed,  they  are  intended  to  subserve. 

Locomotion  is  e£fected  in  the  Cephalopoda  after  two 
distinct  fashions :  firstly,  by  aid  of  the  "  arms,"  which 
thus  possess  a  twofold  function,  combining  the  o£Bioes 
of  prehensile  and  locomotive  apparatus ;  and,  secondly, 
by  the  expulsion  of  the  effete  respiratoiy  water  from 
the  anterior  '' funnel"  previously  mentioned.  In  the 
first  of  these  modes,  by  aid  of  the  arms  and  their  suckers, 
the  Cephalopoda  are  enabled  to  walk  head  downwards 
at  the  bottom  of  the  sea,  and  by  aid  of  the  expulsion 
from  the  "funnel"  of  the  effete  respiratory  water, 
they  can  propel  themselves  backwards  in  the  water. 
The  fins  with  which  the  bodies  of  certain  genera  are 
funushed,  constitute  a  third  means  by  which  locomo- 
tion may  be  effected,  the  triangular  posterior  fins  in 
the  Calamary  aiding  the  creature  in  its  lithe  and  active 
movements.  The  Cephalopoda  thus  progress  by  two 
modes  of  locomotion,  which,  in  the  case  of  most  other 
and  ordinary  animals,  would  seem  the  most  awkward 
that  could  possibly  be  suggested,  but  which,  in  the 
present  instance,  are  of  all  others  the  most  admirably 
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suited  to  the  respective  wants  and  requirements  of 
Ophalopod  life. 

The  "  shell"  of  the  Cephalopoda  may  be  either  in- 
ternal or  eztemaL  As  previously  mentioned^  it  ex- 
ists as  an  external  shell  in  only  two  instances ;  and  to 
these  it  may  be  convenient,  in  the  first  place,  to  direct 
attention.  The  most  typical,  and,  indeed,  the  only 
true  external  "  shell,"  is  that  possessed  by  the  Nautilus 
PompUtuSf  or  ''Pearly  l^autilus"  (Fig.  86),  a  form  to 
be  carefidly  distinguished  from  the  Argonauta  Argo,  or 
"  Paper  Nautilus "  (Fig.  85,  A),  in  which  an  external 
shell,  but  of  widely  different  relations  and  structure 
from  that  of  the  Pearly  Nautilus,  also  exists.  The 
''  shell,"  in  the  NaidUtu  PampUius,  is  secreted  by  the 
mantle,  and  is  therefore  to  be  considered  as  truly  homo- 
logous with  the  ''  shells "  of  other  and  ordinary  Mol- 
luscs :  it  is  thus  a  true  secretion  of  the  body  to  which 
it  is  oiganically  connected.  Very  different  in  its  rela- 
tions is  the  so-called  shell  of  the  Argonaut,  or  ''  Paper 
Nautilus,"  which  is  secreted  by  two  of  the  arms,  these 
organs  being  expanded  and  otherwise  developed  for  this 
purpose.  The  "  shell,"  in  this  latter  case,  is  therefore  to 
be  regarded  as  a  mere  ''  pedal"  or  ''  foot "  secretion,  be- 
tween which  and  the  body  of  the  animal  no  intimate 
or  organic  connection  exists.  It  may  suffice,  in  the 
present  instance,  to  notice  further,  that  whilst  the 
shell  of  the  NautUus,  on  the  one  hand,  is  thus  a  per- 
fectly formed  shell,  the  interior  of  which  is  divided 
into  a  number  of  chambers,  by  partitions,  or  ''  septa," 
as  they  are  termed,  that  of  the  Argonaut,  on  the  con- 


trary,  coBsists  of  but  a  single  chamber,  and  appears  to 
be  principaUf  used  as  a  receptacle  for  the  ovs.  Tha 
m^orit;  of  emting  Cephalopoda,  whilst  deetitato  of 
an  external  aheU  of  any  kind,  possess  an  internal  shell 
which  may  vary  in  perfection  thronghout  the  group, 
and  which  is  known  as  the  "  Sepiostaire,"  "  cnttle-bono," 
or  "  p^  "  {gladins)  (Fig.  83,  a,  b).  Thus,  in  the  Gala- 
niary,  the  "shell"  exists  as  an  elongated,  pen-like 
structure  (Fig.  83,  a),  composed  of  homy  material,  and 
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enclosed  in  the  middle  line  of  the  dorsal  portion  of  the 
mantle ;  whilst,  in  the  Sepia,  the  shell  (Fig.  83,  b),  ex- 
hibits a  higher  degree  of  specialisation,  and  consists  of 
an  oval  plate  of  calcareous  or  homy  material,  which 
shows  an  evident  tendency,  at  its  expanded  and  con- 
cave extremity,  to  become  further  developed,  and  to 
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approach  in  structure  to  a  type  of  shell  to  be  noticed 
in  the  next  instance.  Between  the  two  types  of  shell 
formed  by  the  external  ''shell"  of  the  Nautilus,  and 
the  rudimentary  internal  shell  of  the  Loligo  or  Sepia, 
an  intermediate  form,  serving  to  connect  the  two  types 
in  a  graduated  series,  is  interposed.  This  intermediate 
condition  is  found  in  the  extinct  group  of  the  Belemni- 
tidcB  or  Belemnites,  the  shells  of  which  are  found  as 
characteristic  fossils  of  the  secondary  formations  of  the 
world,  and  of  which  a  restored  figure  of  a  typical 
example  is  depicted  at  Fig.  87,  1.  The  shell  of  the 
Belemnite,  like  that  of  the  Sepia  and  its  neighbours, 
was  internal,  but  it  exhibited  a  structure  of  much 
greater  complexity,  and  of  nearer  affinity  to  the  cham- 
bered shell  of  the  Nautilus  than  that  of  any  existing 
forms.  The  Bdemnitic  shell  thus  consisted  of  an  anterior 
pen-like  portion,  the  ''  pro-ostracum  "  (Fig.  87, 1,  e)  and 
of  a  posterior  chambered  portion,  the  ''  phragmocone  " 
(^).  The  ''  phragmocone  "  was  of  conical  shape,  and 
was  divided  into  chambers  by  a  series  of  ''  septa  **  or 
partitions,  traversed  by  a  "sipuncle''  or  tube,  which 
perforated  them  at  their  dorsal  or  superior  margin 
(Fig.  87,  S).  The  chambered  ''phragmocone"  was 
lodged  in  a  sheath  termed  the  "  alveolus,"  which  in 
torn  was  contained  within  a  more  soUd  portion,  known 
as  the  "guard"  (Fig.  87,  1,  h).  The  ink-sac  of  the 
Belemnite  (Fig.  87,  1,/)  is  in  some  cases  found  pre- 
served with  the  fossil  "  shell"  This  curious  organ,  to 
which  allusion  will  presently  be  made,  appears  to  have 
been  contained  within  the  last  or  basal  chamber  of  the 
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phragmacone."  Lastly,  in  the  limited  group  of 
which  the  Spirula  fonns  the  sole  repiesentatiye^  the 
internal  shell  is  still  further  developed,  and  oonsistB  of  a 
series  of  chambers,  separated  by  septa,  which  are  also 
perforated  by  a  marginal  tube  or  "sipunde;"  the 
shell  in  this  latter  instance  approaches  more  neady 
than  that  of  the  BdemnitidcB  to  the  chambered  shell 
of  the  Nautilus.  The  important  generalisation  thus 
adduced  £rom  the  study  of  shells  of  both  living  and 
extinct  Cephalopods,  will  be  more  fully  comprehended 
when  the  classification  and  relations  of  the  various 
divisions  of  the  class  are  duly  understood. 

The  mouth  (Fig.  82,  A)  is  situated  in  the  centre  of 
the  superior  aspect  of  the  head,  and  is  provided  with 
a  masticatory  apparatus  (Fig.  84,  h),  formed  by  two 
beak-like  jaws  or  mandibles,  of  homy  or  calcareous 
consistence,  which,  by  the  aid  of  appropriate  and 
powerful  muscles,  act  in  a  vertical  direction,  and  thus 
serve  to  break  down  the  hard  substances — such  as  the 
shells  of  Crustacea,  etc — upon  which  the  Cephalopoda 
feed.  In  addition  to  these  jaws  an  "  odontophore  '*  is 
also  present^  this  organ,  as  in  other  Molluscs,  consisting 
of  a  tongue,  armed  at  its  posterior  extremity  with  spin- 
ous teeth,  curved  in  a  backward  direction.  Salivary 
glands  (Fig.  84,  cC),  of  large  size,  are  present,  the  ducts 
of  these  organs  opening  into  the  oesophagus,  or  gullet  {/), 
which,  after  dilating  in  some  species  into  a  ''  crop,"  ter- 
minates in  a  distinct  stomach  (h).  The  intestine  (»),  its 
first  flexure  being  neural,  is  continued  in  a  more  or  less 
straight  course  to  the  anus  {k),  which  opens  at  the  base 
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of  the  "  iufandiboltim,"  or  "  faonel "  (/).  The  liver  (p) 
is  lai^,  and  a  radimentary  pancreas  appears  in  some 
cases  to  be  present.  In  connection  with  the  digestive 
system,  it  may  be  well  to  notice  the  pecnliar  oigftn  in 
Cephalopods  to  which  the  name  of  "  ink-sac  "  (Fig.  84, 
m)  iB  applied.    This  organ  exists  as  a  gland  or  sac  of 
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small  size,  sitaated  in  some  few  instances  in  dose  con- 
nection with  the  liver,  whilst  its  position  in  other 
coses  appears  to  vary  greatly.     The  duct  of  the  "  ink- 
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sac"  opens  at  the  base  of  the  '^ funnel "(Q,  in  dose 
proximity  to  the  anal  aperture.  The  obvious  use  of 
the  secretion  of  the  ink-sac  is  to  serve  as  a  means  of 
defence,  the  Cuttle-fish,  when  hard  pressed  by  its  ene- 
mies, ejecting  the  inky  fluid  from  the  **  fdnnel,"  and 
making  its  escape  under  the  literal  cloak  of  darkness 
produced  by  the  rapid  diffusion  of  the  fluid  through 
the  surrounding  water.  The  homologies  of  the  pecu- 
liar organ  have  formed  subject-matter  for  discussion  for 
a  very  considerable  period  of  time.  By  some  authorities 
the  ink-sac  was  considered,  from  its  relation  in  certain 
forms  to  the  liver,  to  be  homologous  with  the  gall- 
bladder of  other  forms :  others  have  maintained  its 
afiOboity  to  the  urinary  apparatus ;  whilst  a  third  section 
advocate  the  idea  of  its  being  a  special  apparatus. 

The  circulatory  system  in  the  class  under  considera- 
tion presents  certain  interesting  modifications  of  the 
ordinary  Molluscan  type,  two  distinct  sets  of  circulatory 
organs  being  found.  The  venous  blood  returning  from 
the  body  to  be  purified,  is  carried  by  the  veme  catHB  or 
great  terminal  venous  trunks,  to  contractile  cavities, 
situated  one  at  the  base  of  each  gill,  and  termed  from 
their  situation  "  branchial"  or  ^'  gill"  hearts  (Fig.  84,  s). 
The  sole  function  of  these  "branchial  hearts"  is  the 
propulsion  of  the  blood  into  the  respiratory  organs, 
where  it  is  purified,  and  returned  as  aerated  blood  to 
the  true  systemic  heart  (Fig.  84,  t),  which,  consisting 
of  but  a  single  chamber,  propels  the  blood  in  tutn 
through  the  body.  Functionally  regarded,  therefore, 
the  heart  of  the  Cephalopod  is  superior  to  that  of 
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other  Mollosca,  and  exhibits  a  decided  advance  in  this 
respect  towards  the  perfection  of  the  circulatory  appa- 
ratus of  the  higher  forms ;  the  **  branchial "  or  "venous" 
hearts  corresponding  in  function,  or  being  analogous  to, 
the  right  or  venous  side  of  the  heart  in  the  bird  or 
mammal.  The  vence  cavm,  or  terminal  veins,  are  inti« 
mately  associated  with  certain  bodies  of  a  spongy  or 
glandular  consistence.  These  organs  are  supposed  to 
subserve  a  renal  function,  and  are  therefore  believed  to 
be  analogous  with  the  urinary  apparatus  of  the  higher 
Aniniftla  j  their  function  in  this  respect  being  the  elimi* 
nation  £rom  the  system  of  a  certain  proportion  of  the 
tissue-waste,  which  is  excreted  from  the  impure  blood 
returned  and  conveyed  by  the  great  venous  trunks  with 
which  these  organs  are  connected. 

The  respiratory  organs  consist  of  two  or  four  plume- 
shaped  gills  (r),  situated  on  the  sides  of  the  body,  and 
enclosed  in  a  branchial  or  respiratory  chamber,  formed 
by  a  special  arrangement  of  the  mantle-saa  Each  gill 
consists  of  a  main  stem,  supporting  alternate  transverse 
"  laminse"  or  "  plates,"  which  in  turn  give  origin  to 
smaller  plates,  the  surface  over  which  the  venous  blood 
is  exposed  to  the  oxygen  of  the  water  being  thus  mate- 
rially increased.  Water  is  admitted  to  the  branchiae 
by  the  upper  and  anterior  free  edge  of  the  mantle-sac, 
reflux  of  the  £resh  water  being  prevented  by  a  valvular 
arrangement  of  the  mantle,  whilst  the  e£fete  water  is 
ejected  by  the  "  funnel,"  and  regurgitation  being  simi- 
larly prevented  in  this  latter  instance.  The  mode  in 
which  the  jet  dCeau  from  the  ^^  funnel"  is  made  subser- 
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▼ient  to  the  looomoiioii  of  the  Cephalopoda  has  heen 
alread  J  notioed. 

The  nerroDs  syatem  exhihits  a  hi^  degree  of  conoeii- 
tiation,  and  also  ahows  an  affinity  to  the  diapoaition 
and  anangement  of  the  cephalic  or  head  gangjia  in  the 
yertebrate  type,  in  that  the  chief  neirona  eentrea  (Eig. 
84,  e)f  in  the  present  instance,  are  endoeed  in  a  cartila- 
ginona  capsule,  representing  a  mdimentary  craniom  or 
skolL  The  senses  are  present  in  a  high  degree  of  per- 
fection, the  eyes  being  especially  Luge,  and  so  oonstmcted 
as  to  enable  the  creature  to  see  &r  and  near  in  lus  sab- 
aqneons  abode.  The  sense  of  hearing  is  snbeenred  by 
two  auditory  Tesicles  (Fig.  84,  e),  containing  a  calcare- 
ous body  or  **  otolith,"  suspended  in  a  clear  fluid,  and 
supplied  with  filaments  from  the  auditory  nerves.  The 
sense  of  taste  is  supposed  to  reside  in  the  anterior  soft 
portions  of  the  **  odontophore"  or  **  tongue,"  and  the 
olfeustoiy  sense  has  been  coigectured  to  be  exercised 
by  the  "  lips,"  or  external  processes  surrounding  the 
mouth. 

The  sexes  in  the  Cephalopoda  exist  in  separate  indi- 
viduals, and  the  relations  of  the  reproductive  system  in 
certain  members  of  the  group,  exemplified  by  the 
ordinary  Cuttle-fishes,  exhibit  certain  features  of 
peculiar  and  somewhat  anomalous  kind.  The  female 
reproductive  oigans  consist  of  an  ovary  (Fig.  84,  n), 
with  its  efferent  tube  or  ''  oviduct "  (o),  opening  into 
the  pallial  chamber,  together  with  certain  structures, 
the  function  of  which  is  to  produce  a  glutinous  or 
viscid  secretion,  by  means  of  which  the  ova  or  eggs  are 
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fastened  together  in  masses.  To  these  glands  the  tenn 
''  nidamental"  glands  is  applied,  and  the  agglutinated 
masses  of  the  eggs  of  these  creatures  present  no  incon- 
siderahle  resemhlance  to  a  bunch  of  grapes,  the  familinr 
name  of  ''sea-grapes"  being  given  to  them  on  this 
account.  The  disposition  of  the  male  generative  organs, 
however,  exhibits  certain  remarkable  features,  one  of 
the  ''  arms  *'  being  modified  to  subserve  the  reproduc- 
tive process.  This  modified  ''arm/'  known  as  the 
"  hectocotylus  "  (Figs.  82,  B,  a,  and  85,  C,  a),  serves  to 
convey  the  male  element  within  the  pallial  chamber  of 
the  female,  and  thus  to  impregnate  the  ova.  For  this 
purpose  the  arm  is,  in  many  cases,  detached  and  depo- 
sited within  the  pallial  chamber  of  the  female.  Tbe 
Argonauta  Argo^  or  Paper  Nautilus  (Fig.  85),  exempli- 
fies this  latter  mode ;  whilst,  in  other  genera,  as  in 
Odapus  (Fig.  82,  £),  the  "  hectocotylised  "  member  (a) 
remains  attached  to  the  male  animal  The  mode  of 
development  of  this  curious  arm  also  varies  throughout 
the  group ;  typically  it  appears  to  be  produced  from  a 
cyst-like  structure,  by  the  rupture  of  which  the  "hec- 
tocotylus "  is  liberated.  In  the  msgority  of  instances, 
this  reproductive  member,  like  the  other  and  ordinary 
arms,  is  provided  with  suckers,  the  function  of  which, 
in  the  performance  of  the  reproductive  process,  will  be 
at  once  apparent. 

As  might  be  conjectured,  the  discoveiy  of  the  singu- 
lar series  of  phenomena  above  described  tended  to  dis- 
prove the  many  speculations  and  theories  which  from 
time  to  time  were  indulged  in  respecting  the  reproduc- 
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tive  fanction  in  the  Cephalopoda,  the  Paper  Nautilaa 
being  the  form  in  which  the  relations  of  the  generatiTe 
system  were  first  and  correctly  determined.  The  female 
Argonaut,  possessing  the  "  pedal  shell/'  had  long  been 
described;  but  nothing  definite  regarding  the  male 
animal  was  known  until  the  ^'  hectocotylos  "  was  found 
as  a  detached  organism  attached  to  the  female.  The 
reproductive  member  was  accordingly  first  described 
as  a  parasitic  worm,  and  subsequently  as  the  male  Ar- 
gonaut itself,  until,  in  the  Octopus  carena  (Fig.  82,  B), 
a  member  of  the  fiEimily  OdopodidcB,  a  similar  and 
'^  hectocotylised  "  arm  was  found  developed,  in  place  of 
one  of  the  ordinary  members  of  the  animal,  this  discovery 
at  once  suggesting  the  analogy  between  the  detached 
''  hectocotylus  "  of  the  Argonaut  and  the  attached  repro- 
ductive arm  of  the  Octopus,  The  discovery  of  the  male 
Argonaut  itself,  at  a  still  later  period,  gave  the  desired 
opportunity  of  verifying  the  preceding  observations. 
Lastly,  in  the  subsequent  development  of  the  Cephalo- 
pod  ovum,  and  in  the  various  stages  through  which  the 
embryo  advances  to  its  final  evolution  as  the  perfect 
form,  certain  features,  widely  different  from  the  similar 
phases  of  development  in  other  Mollnsca,  are  observed; 
the  special  and  peculiar  characters  of  the  Cephalopod- 
ous  structure  being  discernible  at  a  very  early  stage  in 
the  process  of  development,  and  the  usual  and  transi- 
tory stages  seen  in  other  and  lower  forms  being  wholly 
wanting  in  the  present  instance. 

In  habits  the  Cephalopoda  are  carnivorous,  feeding 
upon  Crustacea  and  allied  forms,  and  also  upon  fijshes, 
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which,  they  succeed  in  captunng  by  means  of  their 
efficient  prehensile  apparatus. 

Stories  of  gigantic  members  of  this  group  are  plen- 
tifuUy  met  with,  especially  in  the  traditional  recordn  of 
the  older  nayigators,  and  for  these,  as  a  matter  of 
course,  a  considerable  latitude,  amounting  in  most  in- 
stances to  disbelief,  must  be  allowed  Still,  several 
well-authenticated  instances  are  on  record  in  which 
Cuttle-fishes  of  large,  or  even  enormous  size,  have  been 
met  with ;  but  these,  it  is  needless  to  say,  do  not  at  all 
approach  to  the  reputed  bulk  of  the  ordinary  tales  with 
which  the  navigators  of  bygone  days,  and  indeed  some 
of  more  recent  times,  thought  fit  to  entertain  a  credu- 
lous auditory. 

Classification. — The  Cephalopoda  are  divided  into 
two  orders,  which  are  distinguished  primarily  by  the 
number  of  gills.  The  order  Dibranchiata,  in  which, 
as  implied  by  the  term,  two  gills  exist,  includes  all 
living  Cephalopoda,  with  one  exception — that  of  the 
Pearly  Nautilus  (Nautilus  PompUius) — in  which  four 
gills  exist,  and  which  therefore  forms  the  sole  repre- 
sentative of  the  Tetrahranchiaia,  the  second  and  re- 
maining subdivision  of  the  class. 

The  other  and  minor  characteristics  which  separate 
these  two  orders  are  found  in,  firstly,  the  number  and 
nature  of  the  ''arms,"  which  never  exceed  ten  in 
number  in  the  Dibranchiata,  in  which  group  they  are 
provided  with  suckers :  in  the  Tetrahranchiata  the 
arms  are  numerous  and  are  destitute  of  suckers.     The 
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second  point  of  distinction  consists  in  the  presence  or 
absence  of  an  ink-sac,  that  stmcture  being  present  in 
the  former  but  wanting  in  the  latter  group.  Thirdly^ 
the  **  funnel "  exists  as  a  complete  tube  in  Dibranchiate 
Cephalopoda,  whilst  in  the  Tetrdbranchiata  the  funnel 
does  not  form  an  entire  tube.  Lastly,  the  shell  in 
Dibranchiates  is  for  the  most  part  internal  and  rudi- 
mentary, or,  if  external,  it  is  not  divided  into  chambers : 
in  the  Tetrabranchiata,  on  the  contrary,  the  shell  is 
external— chambered  ;  the  ''  septa,"  or  partitions,  being 
perforated  by  a  tube  termed  the  ''  sipuncle." 

Order  1.  Dihranchuxta. — In  the  Dibranchiate  order, 
two  sections,  distinguished  by  the  number  of  the  aims^ 
are  recognisable ;  the  Oetqpoda,  forming  the  first  sec- 
tion, possessing  eight,  whilst  the  Decapoda  possess  ten 
arms,  two  of  these  ten  appendages  being  elongated  to 
form  '^  tentacles."  The  suckers  in  the  Octqpoda  are 
sessile,  whilst  those  of  the  Deeapodoua  "  arms  "  are 
pedunculated,  or  supported  on  short  stalks. 

The  Octcpoda  are  represented  by  two  families : — 
(a)  OdopodidcB  and  (6)  Argonautidcs.  The  Octqpi  or 
FotdpeSf  of  which  an  example  is  depicted  at  £,  Fig.  82, 
represents  the  first  of  these  fetmilies ;  whilst  the 
Argonatda  Argo,  or  Paper  N^autilus  (Fig.  85),  forms 
the  sole  example  of  the  second  group.  The  female 
(Fig.  85,  A,  B),  as  previously  mentioned,  is  most 
frequently  met  with,  and  she  alone  possesses  an  external 
shell,  of  extreme  delicacy  of  texture,  and  from  the 
possession  of  which  the  familiar  name  of  ''Paper 
iNautilus"  is  derived.     Two   of   the  aims  (''dorsal 
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arms  ")  are  expanded  at  their  eztremities,  bo  as  to  fonn 
webbed  or  membTanotta  diacs  (Fig.  8fi,  B),  and  npon 
theee  devolves  the  function  of  secreting  the  "shell,"  and 
of  lepairing  it  when  injnied.    The  shell  being  thus  se- 
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creted  by  these  "arms,"  and  being  thus  truly  a  "  pedal 
shell,"  bean  no  homological  relation  to  the  "  shell "  of 
otbei   MoUuBcs,  or  to  that  of  the  Nautiliu,  which  is 
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secreted  as  in  ordinary  cases  by  the  **  mantle  "  of  the 
animal.  The  "  shell"  of  the  Argonaut  is  not  chambered, 
and  it  is  farther  not  organically  connected  to  the  body 
of  the  animal.  Its  chief  use  appears  to  be  that  of 
serving  as  a  receptacle  for  the  ova.  The  popular  and 
poetic  notion  that  the  Argonaut  floats  upon  the  surface 
of  the  water,  using  its  webbed  arms  as  a  sail,  and  the 
other  appendages  as  oars,  is  entirely  an  imaginative 
fiction ;  the  Argonaut  progressing,  like  other  and 
mundane  Cuttle-fishes,  by  crawling,  head  downwards, 
over  the  sea-bottom,  by  means  of  its  acetabuliferous 
arms,  or  by  propelling  itself  backwards,  by  the  action 
of  the  jets  of  water  from  the  anterior  ''funnel;" 
the  webbed  arms  being  devoted  to  the  protection  of  the 
''  shell,"  against  which  they  are  closely  applied,  and 
which  they  generally  embrace.  The  male  Argonaut 
(Fig.  85,  C),  which  is  much  smaller  than  the  female,  is 
destitute  of  a  shell,  and  does  not  possess  the  webbed 
arms  characteristic  of  the  female  form.  The  ''hecto- 
cotylised"  member  of  the  male  (Eig.  85,  C,  a),  as 
previously  mentioned,  is  detached  from  the  body,  and 
deposited  within  the  pallial  chamber  of  the  female. 

The  Decapoda,  forming  the  remaining  section  of 
the  Dibranchiata,  are  represented  by  four  fEimilies,  the 
last  of  which,  represented  by  the  Bdemnites,  includes 
only  extinct  forms.  The  (a)  fSGunily,  TeutMdoB^  is  repre- 
sented by  the  Calamaries,  or  Squids,  which  constitute 
the  most  familiar  of  our  British  Cephalopods,  these 
forms  being  cast  upon  our  shores  in  great  numbers 
after  a  storm.     The  body,  in  the  TeuthidcB,  is  elongated. 
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and  provided  with  two  lateral  and  posterior  fins.  The 
(6)  SepiadcB  are  represented  hy  the  Sepia  officinalis 
(Fig.  82,  A),  the  typical  Cuttle-fish.  The  hody  is 
more  or  less  ovate  in  form,  and  famished  vnth  a  mar- 
ginal fin.  In  the  (c)  Spirulidce^  the  internal  shell, 
previously  alluded  to,  exists  as  a  chambered  structure, 
and  resembles  in  shape  the  shell  of  the  Tetrabranchiate 
Nautilus,  the  ''  septa,"  or  partitions  of  the  shell  being 
perforated  by  a  marginal  sipuncle.  The  {d)  Belemni- 
tidcR  (Fig.  87,  1),  forming  the  last  family  included  in 
the  Decapodous  section,  and  also  in  the  Dibranchiate 
group,  serve  to  unite  the  rudimentary  shell  of  the 
Dibranchiata  generally  with  the  more  perfect  organisa- 
tion of  the  Tetrabranchiate  shell  The  Belemnites  are 
known  to  us  only  from  their  fossil  remains,  and  from 
an  inspection  of  the  characteristics  thus  presented  to 
us,  we  are  enabled  to  determine  that  the  Belemnites 
are  nearly  allied  to  the  existing  Sepiadce.  The  essen- 
tial structure  of  the  internal  shell,  and  its  relations  to 
the  shells  of  the  other  members  of  the  order,  have 
been  already  discussed. 

Order  2.  Tetrabranchiaia. — ^The  Nautilus  Pompi- 
lius  (Fig.  86),  familiarly  known  as  the  ''  Pearly  Nau- 
tilus," is  the  only  living  representative  of  this  group, 
which,  however,  is  abundantly  exemplified  by  extinct 
and  fossil  forms.  Our  knowledge  of  the  Nautilus  is 
derived  from  the  examination  of  a  single  perfect  speci- 
men, dissected  by  Professor  Owen,  and  in  which  the 
chief  and  distinctive  structural  points  were  fully  de- 
termined. 
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The  Bhell  is  of  spirsl  form,  the  whorla  being  con- 
tained in  one  and  the  same  plane,  and  it  is  fiirtber 
divided  by  a  seriea  of  "  septa,"  or  partitions  (Kg,  86,  <f^ 
into  snmercHis  chambers,  the  last  formed  and  Iaig«et  of 
which  (e)  aerres  to  contain  the  body  of  the  foil-grown 
animal.  Each  chamber  was  in  tnm  inhabited  by  the 
Nauliliu,  but  as  it  retired  from  each  chamber   on 
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account  of  its  increasing  growth,  it  built  np  or  secreted 
between  its  body  and  the  eracnated  chamber  a  Tsrtical 
wall,  or  "  septnm "  (y).  Communication  between  the 
TarioTU  chambeia  of  the  shell  and  the  body  of  the  ani- 
mal is  kept  up  by  means  of  a  tube  or  "  siponcle " 
(«  8),  which,  in  the  case  of  the  NauHlvt,  passes  through 
the  middle  of  each  "septum"  (ff).     The  sipuncle  ter- 
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minates  anteriorly  in  the  "  pericaidium/'  or  inyesting 
sac  of  the  heart,  its  function  and  relations  being  as  yet 
unknown.  The  entire  stmctoie  of  the  shell,  however, 
renders  the  conjecture  that  it  may  be  used  as  a  hydro- 
static apparatus  at  least  probable.  In  conformity 
with  this  theory,  the  animal  is  supposed  to  possess 
the  power  of  filling  the  chambers  with  some  gas,  and 
by  thus  reducing  the  specific  gravity  of  its  body, 
enabling  it  to  rise  in  the  water.  The  head  is  sur- 
rounded by  numerous  arms  or  tentacles  (c),  destitute  of 
suckers,  and,  from  their  structure,  evidently  designed 
to  subserve  the  tactile  sense  in  a  very  perfect  manner. 
Locomotion  is  effected  by  the  forcible  expulsion  of 
the  effete  respiratory  water  from  the  "  funnel  **  (/). 

The  Tetrabranchiata  include  two  families  (a)  Nau- 
tilidm  and  (6)  AmmonitidoBj  each  of  which  divisions  in- 
cludes a  large  number  of  extinct  genera.  The  struc- 
ture and  relations  of  the  NautUua  to  its  shell  being 
comprehended,  the  relations  of  the  extinct  members  of 
the  group  will  also  be  readily  perceived.  In  the  Nau- 
tilus the  ''  septa,"  or  partitions  of  the  shell  (^  g),  are 
simple,  their  margins  being  entire;  whilst  the  sip- 
uncle  («)  perforates  the  ''  septa"  at  their  centres.  The 
extinct  forms  included  with  the  existing  NautUtu,  in 
the  family  NauttUdce^  agree  with  that  form  in  the 
plain  and  entire  character  of  the  septa,  the  position  of 
the  sipuncle,  however,  varying  throughout  the  group. 
The  Orthoceraa  (Pig.  87, 3)  represents  the  most  fEoniliar 
type  of  extinct  shells  included  in  the  Nautilus  family. 
In  this  form  the  shell  was  more  or  less  straight^  a 
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type  of  Btracture  we  might  suppose  to  be  imitated  by 
ancoiUng  the  spiral  shell  of  the  iNautiliu  to  foini  a 
etnight  sad  elongated  sheU.  The  iTpical  poeitiou  of 
the  eipuncle  in  Orthocenu  (Fig.  87,  3,  a)  is  in  the 
centre  of  the  septa ;  but  in  certain  cases  it  is  marginal 
in  position,  and  its  atractme  appears  to  hare  been  of 
somewhat  complicated  natnre. 


tig.  87.  I 
1.  DUgrtm  of  mtond  B 

c,  humel;  d  d,  Iitenl  flu;  i,  "  Pen"  or  " Pntoitncnin  ;"  /,  Ink-cur : 
e,  chuiband  "  Flmgrnwom  i"  H,  "  gwud;"  B,  (eptam.  fRno  "Fhnt- 
mocoBe'  of  BclmnUi,  ihowdng  the  nuiBiDSl  ilpnBcle.  S.  Crmtita 
Hodani  (HoKbelkalk;,  in  iitlnct  TetnbnncbiiU  Cepbilopod,  iboir- 
log  the  "■ntnnt."  8.  QrAocerw  lalnnfa,  Ibowlng  Uie  Mpte;  a.  Mp- 
tam  of  Orthoeenu,  ihowlng  tlw  marglul  iCpnnde.  4-  GaniaiUm  Bcur 
Wtvl  (CBrbonlfuDni),  ihowlngUit  "intuni." 

In  the  (b)  AmmonitidcBi  on  the  other  hand,  of  which 
the  Ceratitet  nodoaus,  depicted  at  2,  Fig.  87,  and  the 
Goniatitet  Hensloici  (Fig.  87,  4)  majr  be  selected  as 
familiar  representatlvee,  many  extinct  and  highly 
characteristic  fbrms  are    included.       The    AmmomiM 
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themselves  form  the  typical  genus^  and  of  these  forms 
the  Nautilus  may  he  consideied  the  existing  prototype. 
The  special  and  distinctive  featares  of  the  Ammonitidce 
consist,  firstly,  in  the  complex  character  of  the  septa, 
these  partitions  heing  serrated  and  indented  to  a 
greater  or  less  degree  (Fig.  87,  2).  The  edges  or 
margins  of  the  septa,  represented  on  the  external 
surfaces  of  the  shells,  are  known  as  ''sutures''  (Fig. 
87),  and  exhihit  a  highly  ornate  and  heautiful  appear- 
ance. The  position  of  the  sipunde  in  the  Ammoni- 
tidoB  forms  a  second  feature  in  the  distinction  of  the 
group,  that  tuhe  perforating  the  septa  at  their  external 
or  convex  margins.  Besides  the  forms  ahove  men- 
tioned, the  Baculites,  Turrilites,  ScaphUes^  Aneyloeeras, 
and  many  other  examples,  illustrate  the  special  charac- 
teristics of  the  group. 

Fossil  Cephalopoda  of  the  Tetrahranchiate  order 
made  their  appearance  at  an  early  period  of  the  earth's 
history ;  and,  from  their  frequent  and  general  occur- 
rence throughout  the  rock-systems  of  the  various 
epochs,  there  is  every  reason  to  helieve  that  the  Tetra- 
branchiata  held  a  position  in  the  ancient  life-series 
similar  to  that  now  occupied  by  the  Dibranchiate 
forms,  which  latter  attain  the  maximum  of  their  deve- 
lopment in  the  present  day. 
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Class  I.  Poltzoa  ^ 


Classification  of  Mollusoa. 
sub-kinodom  mollusca. 

Division  A.  Molluscoida. 

Order  (a)  FhylactolcBmata, 

Cristatella. 
Order  (b)    Grymnoltemata. 


Ex. 


Ex. 


Class  IY.  Lamellibranchiata 


Flustra. 

Class  IL  Tunicata.     Ex.  Ascidia. 
Class  IIL  Brachiopoda.    Ex.  Terebratala. 

Division  B.  Mollusca  Proper. 

'  Order  (a)  Asiplionida. 
Ex.  Ostrsea. 
Order  (b)  Sipkonida, 
Ex.  Mya. 

Sub-Class    A.     Branchi- 

FERA. 

Order  (a)  Proaobranchiata. 

Ex.  Baodnum. 
Order  (b)  Opisthobrancki' 

atcL  Ex.  Doiia 
Order  (c)  Nudeobranehi' 

aia.    Ex.  Cari- 

naria. 
Sub-Class  B.  Pulxonifera. 
Section  (a)  Inqpercu2at<L 

Ex.  Helix. 
Section  (b)  OperctdaUL  Ex. 

Cyclostoma. 


Class  V.  Gasteropoda  - 
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Class  VI.  Ptekopoda    - 


Class  VIL     Cephalo- 
poda. 


Order    (a)     Thecosomata. 

Ex.  HjalsBa. 
Order  (b)   GymnosomcUa, 

Ex.  Clio. 

Order  (a)  DibranchicUa. 

Seciion{l) Odopoda.  Ex.* 

Octopus. 
Section    (2)    Decapoda, 

Ex.  Sepia. 

Order  (b)  Tetrabranchiata. 
Ex.  Nautilus. 


CHAPTER   XIX. 

VBRTEBRATA. 

General  Characters,  Morphology,  and  Physiology  of  Vertebrata — 

Classification. 

In  entering  upon  the  consideration  of  the  last  and 
highest  type  of  animal  structure,  we  find  the  forms  in- 
cluded within  that  type  bound  closely  together  by 
several  very  definite  characters,  and  forming  thus  a 
section  more  distinct  than  any  of  the  preceding  divi- 
sions. Throughout  the  Invertebrate  Series  each  sub- 
kingdom  possessed  undeniable  relations  with  the  other 
groups ;  certain  forms  exhibiting  transitionaiy  features, 
and  thus  serving  to  connect  each  type  more  or  less 
insensibly  with  its  neighbours.  But  with  the  Verte- 
brata the  case  is  somewhat  altered,  and  the  relations  of 
this  higher  group  would  appear  to  be  more  distinctly 
specialised,  and  its  boundaries  to  be  better  defined  and 
more  marked,  than  those  which  existed  between  the 
types  included  in  the  Invertebrate  Series. 

The  most  distinctive  and  characteristic  of  the 
features  by  which  the  Yertebrata  are  distinguished  from 
all  Invertebrate  animals,  consists  in  the  specialisation 
of  the  chief  nervous  centres,  and  in  their  peculiar  rela- 
tion to  the  other  systems  of  the  body.    These  relations 
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will  be  readily  understood  from  the  accompanying 
diagiamsy  representing  transverse  sections  of  the  body 
of  an  Invertebrate  and  of  a  Vertebrate  animal  respect- 
ively. Thus  in  tke  Invertebrate  (Fig.  88,  A),  the 
body  is  represented  by  a  single  and  simple  tube,  con- 


Fig.  88.  COMPABATiyB  MORPBOLOOT  OP  VSRTEBIUTA  AND  IhVXBTBBIUTA 

(after  Huxley). 

A,  DUgnunnuitic  transTerse  section  of  Invertebrate ;  a,  alimentary  system ; 
A»  hcmal  or  blood-Tascnlar  system ;  n,  neural  or  nenrous  system ;  p, 
parietes  or  walls  of  the  body.  B.  Similar  section  of  a  Vertebrate  ani- 
mal ;  a,  alimentary  system  ;  d,  notochord ;  h,  h»mal  system:  n\  sympa- 
thetic, or  ganglionic  nervous  system  ;  n*,  cerebro-spinal  nervous  sys- 
tem ;  jA,  parietes  of  body ;  p>,  parietes  or  walls  of  the  neural  or 
oervooscanaL 


taining  the  various  systems  and  organs.  At  p  (Fig.  88, 
A),  the  parietes  or  walls  of  tbe  body  are  represented ; 
at  n,  the  nervous  system ;  the  blood  or  hsemal  system 
at  h ;  whilst  the  alimentary  canal  occupies  an  inter- 
mediate position  as  depicted  at  a.  This  diagram  there- 
fore represents  the  essential  and  typical  relation  of  parts 
in  an  Invertebrate  animal — such  as  a  Worm — ^and  the 
distinctive  feature  to  be  at  present  noticed  consists  in 
the  disposition  and  relation  of  the  nervous  centres, 
which  are  accordingly  seen  to  be  contained  in  the  same 
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tabe  or  body  cavity  (general  or  ''somatic  "  cavity)  witli 
the  other  viscera.  In  other  words,  the  body  of  an 
Invertebrate  thus  represented,  is  merely  a  ^visceral" 
tabe,  and  the  nervous  centres  are  not  in  any  way  par- 
titioned or  shut  off  from  the  other  systems.  Taming 
now  to  a  similar  diagrammatic  section  of  a  Vertebrate 
animal  (Fig.  88,  £),  a  widely  different  arrangement  is 
at  once  perceived,  and  two  distLact  tubes  are  now 
viewed  in  place  of  the  single  tube  of  the  Invertebrate 
section.  In  the  upper  or  "  dorsal"  tube  are  contained 
the  great  centres  of  the  "  cerebro-spinal "  nervous  axis, 
(n^),  consisting  of  the  brain  and  spinal  cord,  whilst  the 
lower  or  "  ventral "  tube,  is  devoted  to  the  reception  of 
the  alimentary  (a)  and  blood  systems  (h),  and  generally 
also  contains  a  series  of  nervous  ganglia,  representing 
the  '* sympathetic "  or  "ganglionic"  nervous  system, 
(n^),  and  to  which  reference  will  be  more  fiiUy  made 
hereafter.  The  dorsal  tube  is  therefore  appropriately 
termed  the  ''neural"  tube,  whilst  to  the  lower  and 
ventral  tube  the  name  ''visceral "  is  applied.  And  on 
comparing  these  two  sections,  several  important  and 
obvious  generalisations  will  at  once  be  apparent 
Firstly,  that  the  upper  or  "  neural"  tube  of  the  Verte- 
brate is  entirely  unrepresented  in  the  Invertebrate ;  and, 
secondly,  that  the  lower  or  "visceral"  tube  of  the 
Vertebrate  animal  exactly  corresponds  to  the  single 
tube  of  the  Invertebrate  form ;  the  contained  organs  of 
the  Vertebrate  "  visceral "  tube  being  homologous  with 
those  contained  in  the  Invertebrate  tube. 

Viewed  from  a  developmental  aspect^  the  import- 
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ant  cliaracter  of  these  respective  relations  is  more 
folly  attested.  In  the  development  of  the  Vertebrate 
form,  this  specialisation  of  the  nervous  centres  is  ob- 
servable at  a  very  early  stage  of  the  process.  The  upper 
part  of  the  embryonic  surface  becomes  elevated  on  each 
side  of  the  middle  line  into  two  parallel  ridges,  a  groove, 
known  to  embryologists  as  the  ''  primitive  groove," 
being  thus  formed.  Gradually,  the  margins  of  these 
ridges  meet  and  unite  in  the  middle  line,  to  form  by 
their  imion  a  second  and  dorsal  tube,  in  which  the 
*' cerebro-spinal "  nervous  system  (Fig.  88,  £,  n^,  is 
developed.  The  observation  of  this*  important  feature 
affords  an  eminently  clear  illustration  of  the  law  of 
development  propounded  by  Yon  Baer,  and  previously 
alluded  to  when  treating  of  Protozoic  development. 
The  development  here  is  ''from  the  general  to  the 
special ;''  the  characteristic  features  of  the  Vertebrate 
embryo  being,  at  this  early  period  in  its  history,  clearly 
and  distinctly  perceptible.  In  the  Invertebrate,  on  the 
other  hand,  these  characteristic  phases  of  development 
are  wanting;  no  such  specialisation  of  the  nervous 
centres,  and  consequent  division  of  the  body,  ever 
taking  place. 

The  second  distinctive  feature  of  the  Vertebrata  con- 
sists in  the  presence,  in  the  early  embryonic  life  of 
every  Vertebrate,  of  a  soft  gelatinous  structure  known 
as  the  ''  notochord,"  or  "  chorda  dorsalis  "  (Fig.  88,  B, 
d)  which,  as  its  name  implies,  exists  in  the  dorsal  region 
of  the  embryo.  This  '*  notochord ''  is  formed  in  the 
floor  of  the  "  primitive  groove  **  previously  mentioned, 
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and  is  to  be  legaided  in  the  majority  of  cases  as  an 
embryonic  stracture,  being  replaced  in  the  adult  by 
the  true  "  Vertebral  column "  or  "  backbone,"  and  of 
which,  indeed,  the  ''  notochord  "  is  the  early  represent- 
ative. In  some  instances,  however,  and  most  notably 
in  the  case  of  the  Amphioxua  or  Lancelet,  a  fish  exhibit- 
ing a  very  low  type  of  organisation,  the  usual  develop- 
ment of  the  ''notochord"  does  not  take  place,  that 
structure  persisting  in  its  embryonic  condition  through- 
out the  life  of  the  animal 

Thirdly,  the  ''visceral  clefts"  or  "arches,"  a  series 
of  openings  situated  at  the  sides  of  the  mouth  of  the 
embiyo,  and  by  means  of  which  that  cavity  is  placed 
in  communication  with  the  external  medium,  are  also 
characteristic  solely  of  Vertebrate  development  These 
clefts,  as  development  proceeds,  in  the  case  of  Fishes 
and  certain  Amphibians,  bear  the  respiratory  or  breath- 
ing oigans ;  whilst  in  the  case  of  the  higher  ftniTnala 
they  become  entirely  obliterated.  Their  persistence, 
however,  in  all  Vertebrates  as  embryonic  structures, 
constitutes  another  and  characteristic  feature  of  the 
group. 

Fourthly,  the  limbs  of  Vertebrates  are  in  no  case 
more  than  four  in  number,  but  these,  as  in  the  case  of 
Snakes,  may  be  altogether  absent ;  whilst  a  single  pair 
of  limbs  only,  as  in  the  case  of  the  Whales,  may  be  de- 
veloped. The  limbs  are  articulated  to  the  body,  and 
are  distinguished  from  the  Invertebrate  limbs  by  pos- 
sessing an  internal  bony  axis  or  "  skeleton,"  to  which 
the  muscles  moving  the  limb  are  attached. 
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Lastly^  the  jaws  in  Yeitelurates  are  invaiiably  parts 
of  the  heady  and  thus  differ  entirely  from  the  jaws  of 
Invertebrates,  which,  as  in  the  case  of  the  OrustaceOf 
consist  of  modified  limbs,  or  sometimes  of  hard  de- 
velopments in  the  mucous  or  lining  membrane  of  the 
digestive  tract.  The  so-called ''  gastric  teeth  **  of  many 
Crustacea  and  Insects  exemplify  this  latter  modifica* 
tion.  Other  and  minor  characteristics  of  the  Yerte- 
brata,  consisting  of  peculiarities  in  the  digestive, 
absorptive,  circulatory,  and  nervous  systems,  wiU  be 
more  appropriately  considered  when  treating  of  the 
various  and  general  functions  of  the  Yertebrata. 

The  general  morphology  of  the  Yertebrata  may  be 
systematically  considered  under  the  following  heads : — 
1.  The  Skeleton  j  2.  The  Digestive  system ;  3.  The 
Haemal  or  Blood- Yascular  system ;  4.  The  Bespiratory 
system  j  and  5.  The  Nervous  system.  Within  the 
limits  of  a  work  like  the  present,  and  more  especially 
of  an  elementary  treatise  on  Zoology,  it  would  be  im- 
possible to  give  any  other  than  the  briefest  possible 
notice  of  the  general  morphology  and  physiology  of  the 
Yertebrata.  The  great  physiological  processes,  seen  to 
perfection  in  the  Mammalia,  will  accordiagly  be  de- 
scribed as  they  occur  in  that  group  of  animals,  the 
more  characteristic  and  special  features  in  the  structure 
and  physiology  of  the  several  groups,  being  noticed  in 
the  detailed  description  of  the  great  divisions  of  the 
Yertebrate  Series. 

I.  The  Vertebrate  Skeleton.  — The  hard  parts  of 
Yertebrates,  like  the  similar  structures  in  the  Inverte* 
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brate  Series,  admit  of  a  natural  classification,  into  those 
borne  on  the  surface  or  exterior  of  the  body,  and  those 
situated  internally.  To  the  external  hard  structures  the 
general  term  "  exoskeleton"  is  applied,  whilst  the  name 
'' endoskeleton "  is  given  to  the  internal  framework 
or  true  skeleton,  which,  in  the  case  of  the  Yertebrata, 
constitutes  so  characteristic  a  feature  in  their  organisa- 
tion. The  parts  of  the  "  endoskeleton  "  also  fall  into 
a  natural  order,  and  are  accordingly  classed  as  those 
belonging  to  the  head  and  trunk, — the  "  axial*'  elements 
— and  those  composing  the  limbs ;  these  latter  being 
in  contradistinction  termed  "  appendicular  "  elements. 

So  far  as  the  intimate  structure  of  the  endoskeleton  is 
concerned,  a  variety  of  textures,  corresponding  to  various 
degrees  of  perfection  in  the  development  of  the  structure, 
are  seen  to  enter  into  its  composition.  Thus,  the  simple 
fibrous  "notochord"  of  the  Lancelot  {Amphioccus)^ 
(Fig.  101  A,  n),  represents  the  most  primitive  condition 
of  the  endoskeleton  with  which  we  are  acquainted ; 
the  Sharks,  Bays,  and  allied  forms,  introduce  us  to  a 
more  advanced  condition  of  the  structure,  the  endo> 
skeleton  in  these  cases  being  typically  composed  of 
cartilage,  and  in  some  instances  exhibiting  but  little 
advance  on  the  condition  of  the  Lancelot ;  whilst,  in 
the  true  bony  fishes—exemplified  by  nearly  all  the  or- 
dinary members  of  that  class — the  endoskeleton  con- 
sists of  true  bony  material  And  with  the  diversity  in 
composition,  variations  in  the  degree  of  perfection  to 
which  a  particular  texture  may  be  developed  are  also 
to  be  perceived.     Thus  in  Fishes,  the  osseous  material 
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of  the  endoskeleton  differs  considerably  in  composition 
from  that  found  in  the  skeleton  of  Birds ;  and,  similarly, 
differences  are  also  to  be  perceived  in  the  intimate 
structure  of  the  bony  material  of  the  Bird's  skeleton, 
when  we  compare  it  with  that  of  the  MammaL 

The  elements  constituting  the  ''axial"  portion  of 
the  endoskeleton  admit  of  being  divided  into  two 
portions — ^the  ''spinal"  elements,  or  those  entering 
into  the  composition  of  the  vertebral  column,  and  the 
"  cranial "  elements,  or  those  which  constitute  the  skull. 
The  "spinal"  portion  of  the  endoskeleton,  together 
with  the  "  cranial "  portion,  is  made  up  of  a  series  of 
segments  to  which  the  term  " Vertebrae"  is  applied 
These  are  seen  to  fullest  perfection  in  the  "vertebral 
column,"  "spine,"  or  "backbone"  (Fig.  91),  which  is  thus 
composed  of  a  series  of  "  vertebrae,"  united  together  so 
as  to  form  an  axis  of  considerable  strength,  and  further 
suited  to  support  and  form  a  basis  for  the  attachment 
of  the  other  portions  of  the  endoskeleton.  These 
"  vertebrae  "  or  segments  are  eminently  homologous,  and 
each  consists  typically  of  the  following  parts  :  (a)  a  more 
or  less  solid  central  piece,  termed  the  "centrum"  or  body, 
(Fig.  89,  A,  B,  C,  c),  from  which  the  following  pro- 
cesses take  their  origin ;  (b)  two  superior  processes,  the 
"  neural  arches  "  or  "  neurapophyses,"  (Fig.  ^9,  b  b), 
springing  from  the  upper  part  of  the  "  centrum,"  and 
uniting  in  the  middle  line  to  form  a  canal,  termed,  from 
its  serving  to  protect  the  spinal  cord  (Fig.  89  A,  n),  the 
"  neural  canal ;"  (c)  a  superior  spine,  the  prolongation  of 
the  "  neural  arches,"  and  termed  accordingly  the  "neural 
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spine  "  (Fig.  89,  a) ;  (d)  two  inferior  processes  springing 
from  the  inferior  aspect  of  the  ''  centrum^"  snd  termed 
the  ''  haemal  arches  "  or  "  hiemapophyses  "  (Fig.  89,  e  e\ 
from  their  serving  to  protect  the  centres  of  the  **  hsemal" 
or  blood-yascular  system  (Fig.  89,  A,  o),  these  latter 
processes  being  the  exact  prototypes  of  the  "  neural 
arches ;"  (e)  an  inferior  or  ''haemal''  spine  (/)  formed 
similarly  to  the  "neural"  spine,  by  the  prolongation 


Fig.  89.  HoMOLOOT  OF  THE  Vektsbral  Oolumh.   (After  Owen.) 

A,  Ideftl  typical  yeiiebim ;  a,  "  neural"  or  superior  apine ;  b  h,  neompo- 
phyaea,  or  "  neural  archea;*'  c,  centrom;  d  d,  plettrapophyaea ;  e  e, 
bannapophyaea,  or  "homal  archea ;"/,  hienial  aplne ;  gg,  parapophy- 
aea ;  hh,  diapophyaea ;  kkkk,  aygapophyaea ;  n,  nervoua  centre ;  o,  , 
blood  or  haemal  centre. 

B,  Thorai^  vertebra  of  Bird  (Fitttur) ;  (the  lettera  refer  to  aimilar  parte 

in  thia  and  in  the  remaining  figure) :  x  x,  diverging  appendagea  flzittg 
the  riba  (dd)  to  each  other. 

C,  Thoracic  vertebra  of  MammaL    (References  as  above.) 

downwards  of  the  "haemal  arches ;"  (f),  two  "plenra- 
pophyses"  or  ribs  (d  d),  springing,  one  from  each 
side  of  the  "  centrum ; "  (g),  four  articular  processes,  or 
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''zygapophyses"  {k  k  k  k),  for  the  attachment  of  the 
vertebisB  to  the  neighboming  segments,  borne,  two  by 
the  "neural"  and  two  by  the  "hasmal"  arches;  (h), 
two  upper  or  superior  "  transverse  processes  "  termed 
diapophyses"  (hh);  and   (i)   two  lower  or  inferior 

transverse  processes"  termed  '* parapophyses "  {ffg), 
serving  for  the  attachment  of  muscles,  and  springing 
from  the  base  of  the  "neural"  and  "hsemal"  arches. 
These  various  elements  enter  into  the  composition  of  a 
typical  vertebra,  but  it  must  at  the  same  time  be  borne 
in  mind  that  only  in  certain  cases  are  all  these  parts  to 
be  distinguished.  And  the  study  of  comparative  homo- 
logy has  received  no  greater  stimulus  than  that  given  by 
Professor  Owen,  who,  extending  and  perfecting  the  idea 
of  Lorenz  Oken,  has  at  last,  and  by  means  of  the  con- 
struction of  an  "ideal  typical  vertebra,"  demonstrated 
the  homology  and  unity  of  type  of  the  vertebrate 
skeleton.  This  idea,  at  length  clearly  demonstrated, 
seeks  to  reconcile  to  this  typical  plan  of  structure  the 
entire  "axial"  elements  of  the  skeleton.  The  accom- 
panying illustrations  will  serve  to  render  these  import- 
ant generalisations  sufficiently  plain*  Thus  in  the 
caudal  vertebrae  of  the  Crocodile  (Fig.  90,  B),  the  more 
important  elements  of  the  vertebra  are  at  once  recog- 
nisable, and  will  be  readily  referred  to  the  typical  parts 
of  the  "  ideal "  vertebra. 

At  c,  the  "centrum"  or  "body"  is  seen;  the 
^'neural  arch "  formed  by  the  "neorapophyses "  {b  b), 
at  n;  the  neoralspine  at  a ;  thesuperior  "  zygapophyses" 
serving  to  articulate  the  vertebra  to  the  neighbouring 
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segmanta  at  A  ft ;  the  short  abortive  "  riba  "  or  pleuia- 
pophyses  "  at  d  d ;  the  upper  transverse  ptocesses  or 
"  diapophjses"  at  AA;  vhilst  the  "hfemal  arches," 
formed  by  the  "  hemapophysea  "  (e  e),  and  the  "  hffimal 
spine  "  (/),  are  alao  tg  be  observed.  This,  therefore, 
exhibits  the  various  vertebral  eletuente  to  a  great  degree 
of  perfection ;  the  lower  "  zygapophyaes "  or  inferior 


"  articolating  processeB,"  and  the  inferior  "tranaverm 
pioceaaes,  or  "  parapophyses  "  being  alone  suppresaed. 
In  the  Bird  (Fig.  89,  B),  the  arrangement  is  also 
viewed  in  tolerable  completnesa,  but  with  a  certain 
degree  of  modification  also.  In  this  case  the  "  hiemal 
arches "  become  lai^y  developed,  to  form  collectively 
the  chest  of  the  Bird;  the  ribs  and  "sternum"  or 
"breast-bone, "  viewed  after  a  homological  aspect,  form- 
ing definite  parts  of  the  typical  vertebra  thus  con- 
structed.   Aa  before,  at  (c),  the  "centrum"  is  seen. 
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bearing  the  ^neoial  arches "  and  "  neural  spine ''  (a), 
the  "  pleurapophyses  "  or  ribs  "  (d  d)  are  largely  de- 
veloped, and  the  '^  haemapophyses  "  {e  e)  are  short  and 
articulated  to  the  extremities  of  the  ribs;  whilst,  lastly, 
the ''  hflemal  spine ''  (/)  is  represented  by  the  '^  sternum'' 
or  breast-bone,  which  in  Birds  of  flight  bears  a  strong 
bony  ridge  or  keel,  to  which  the  muscles  moving  the 
wings  are  attached.  And,  similarly,  in  the  complete 
and  typical  thoracic  vertebra  of  a  Mammal,  such  as 
Man,  we  find  the  "  centrum"  (c), ''  neural  arches"  {b  b), 
and  **  neural  spine"  (a),  as  before ;  the  upper  transverse 
processes  or  ''diapophyses"  serving  partly  to  fix  the  ribs, 
or  '*  pleurapophyses"  (d  d) ;  the  "  haemal  arches "  or 
'*  hsemapophyses  (e  e)  represented  by  the  costal  or  rib- 
cartilages,  and  the  "haemal  spine  (/)  by  the  "  sternum" 
or  "  breast-bone."  In  both  of  these,  as  well  as  in  the 
forgoing  examples,  the  relations  of  the  lower  tube  of  the 
Vertebrate  section  (Fig.  88,  B),  with  the  upper  or  neural 
tube,  wUl  be  readily  perceived.  The  "  cranial"  portion 
of  the  endoskeleton  also,  it  must  be  noticed,  when' 
viewed  from  this  aspect,  is  seen  to  be  in  like  manner 
composed  of  a  series  of  vertebrae  or  segments,  peculiarly 
modified  and  adapted  to  form  the  bony  case  or  '^  skull " 
for  the  protection  of  the  brain. 

A  due  appreciation  of  the  homological  value  of  tins 
important  subject  being  formed,  no  difficulty  will  be 
felt  in  properly  understanding  the  generalisations 
therefrom  deduced 

In  the  higher  Vertebrate  forms  the  vertebral  seg- 
ments exhibit  great  modifications  of  the  typical  plan. 
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Thus,  in  tlie  lumbal  vertebra  of  the  human  subject, 
figured  at  Fig.  90,  A,  the  body  (c),  ^neural  arches/' 
(b  b),  and  "  neural  spine"  (a),  are  at  once  obsenred  ;  the 
''hsemal  arches"  and  "h»mal  spine"  being  deficient 

Turning  now  from  these  more  transcendental  con- 
siderations, the  general  morphology  of  the  spinal 
column  remains  to  be  observed.  The  vertebral  column 
is  divided  into  five  distinct  parts,  corresponding  to  as 
many  defined  regions  of  the  body.  The  most  anterior 
of  these  regions  is  the  "cervical"  or  "neck"  (Fig. 
91,  b)  region,  the  vertebrsd  of  which  support  the 
"cranium"  or  "skull"  (a);  the  second,  or  "dorsal" 
region"  (e2),  is  that  of  the  "  back,"  the  segments  of  this 
region  bearing  the  ribs  (h);  thirdly,  the  "lumbar" 
region  (e)  or  that  of  the  "  loins ; "  fourthly,  the  "  sacral" 
region  (/),  constituted  by  a  number  of  vertebrae, 
generally  more  or  less  firmly  ossified  together,  so  as 
to  form  an  apparently  single  bone, — the  "sacrum," 
which  is  wedged  in  between  the  two  sides  of  the 
"  pelvic "  or  "  haunch  bones "  (r) ;  fifthly  and  lastly, 
the  "  caudal "  region  (^),  composed  of  a  variable  num- 
ber of  small  vertebrsB,  and  constituting  the  "  tail " 
of  the  animal  Viewed  as  a  whole,  the  vertebral 
column  serves  the  twofold  purpose  of  acting  as  a  basis 
for  the  attachment  of  the  other  parts  of  the  skeleton, 
and,  together  with  the  skuU,  forming  a  continuous 
canal  (the  "  neural  canal"),  for  the  reception  and  pro- 
tection of  the  great  centres  of  the  "  cerebro-spinal "  ner- 
vous axis. 
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The  morphology  of  the  skull  need  not,  on  account 
of  its  complicated  nature,  be  here  entered  upon.  The 
more  important  modifications  of  the  cranium,  and  those 
especially  which  refer  to  the  form  and  relations  of  the 
lower  jaw,  will  be  more  appropriately  noticed  when 
treating  of  the  special  morphology  of  the  yarious 
subordinate  groups. 

The  limbs  of  Vertebrates,  whilst  exhibiting  a  striking 
unity  of  structure  throughout  the  group,  are  variously 
modified  to  suit  the  special  requirements  and  habits  of 
the  respective  classes  of  animals ;  and  in  the  present 
instance,  the  typical  structure,  as  observed  in  the  limbs 
of  the  higher  members  of  the  sub-kingdom,  may  be 
briefly  referred  to.  The  fore  and  hind  limbs,  it  may 
be  noticed,  are  strictly  homologous,  and  exhibit  the 
same  structure  and  composition,  not  only  in  the  parts 
of  the  limb  proper,  but  also  in  the  series  of  bones  by 
means  of  which  the  limbs  are  articulated  to  the  trunL 
The  "  fore  *'  or  "  pectoral "  limb  consists  typically  of 
the  following  parts  : — (a)  the  bones  of  the  "  shoulder- 
girdle,''  ''  scapular"  or ''  pectoral  arch,"  consisting  of  the 
"scapula"  or  "shoulder-blade"  (Fig.91,c),  the  "coracoid" 
bone,  and  the  "clavicle"  or  "collar-bone  (Ar)."  The 
scapula  is,  of  these  three  bones,  the  most  constant 
and  important ;  and  the  "  coracoid  bone,"  whilst  exist- 
ing in  most  Vertebrates  as  a  distinct  and  independent 
bone,  is  developed  in  the  Mammalia  as  a  mere  pro- 
cess attached  to  the  "scapula"  or  "shoulder-blade," 
The  "  clavicle "  may  be  rudimentary  in  structure,  or 
may  be  altogether  wanting ;  (b)  the  "  humerus"  (/),  or 
bone  of  the  upper  arm,  which  articulates  with  the 
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"  scapular  arch  "  superiorly,  and  inferiorly  with  (c)  the 
two  bones  of  the  forearm,  named  respectively  the 
"  radius"  (wi)  and  "  ulna"  (n),  the  former  of  which  princi- 
pally bears  the  hand,  and  serves  to  rotate  the  limb, 
whilst  the  latter  acts  chiefly  in  affording  a  point  of 
fixation  for  the  movements  of  the  arm ;  (d)  the  '*  carpus  " 
or  "  wrist"  (o),  formed  by  a  variable  number  of  small 
bones,  and  succeeded  by  the  bones  of  the  palm,  technically 
and  collectively  known  as  the  (e) "  metacarpus  "  (p) ;  to 
these  succeed  the  (f )  "  phalanges  "  or  bones  of  the  fin- 
gers (q),  and  which  number  usually  three  to  each  digit. 

The  homology  of  the  "  pelvic  "  or  hind  limbs  with 
the  "  pectoral "  or  fore  limbs,  will  readily  be  distin- 
guished, since  we  find,  firstly,  (a)  the  "  pelvic  arch ''  (r) 
supporting  the  hinder  Umbs,  and  corresponding  to  the 
'*  scapular  arch  "  in  the  previous  instance.  The  sides 
of  the  pelvis  are  formed  by  the  two  ''  innominate " 
bones,  which,  however,  in  early  life,  consist  each  of 
three  distinct  bones,  and  to  each  "  innominate  bone " 
the  (b)  "femur"  or  thigh-bone  (s)  is  articulated,  (c)  The 
1^  is  formed  by  two  bones,  respectively  termed  the 
"  tibia"  (u)  and "  fibula"  {v) ;  whilst  the  (d)  "  tarsus"  or 
bones  of  the  ankle  (to),  (e)  the  "  metatarsus  "  (x),  and 
(f)  "  phalanges "  or  digits  of  the  toes  {y),  correspond 
respectively  to  the  wrist,  palm,  and  fingers  of  the  fore* 
limb. 

II.  The  Digestive  System.— The  mouth  (Rg.  92  a), 
in  the  majority  of  Vertebrates  is  provided  with  teeth, 
these  organs,  however,  vaiying  greatly  in  form,  posi- 
tion, and  relations  throughout  the  group.      During 
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mastication,  tlie  food  is  lunaUf  Bubjected  to  the  action 
of  saliva,  a  fluid  fumislied  by  special  (salivaty)  glands. 
The  saliva  performs  the  twofold  fnnction  of  amisting 
in  the  deglutition  of  the  food  hj  rendering  it  moist, 
and  of  acting  chemically  upon  the  starch  coataiued  in 
the  food,  and  thus  rendering  it  more  easy  of  digestion. 
The  food  being  swallowed,  passes  down  the  "  cesophaguB" 


A,   "pMtonl  "or  fon-llmbi  B.  "imiItIc-  or  UndUmb 

mouth :  i,  iianbnim  or  bnin  propei ;  t,  cenbeUum  or  iMnr  bnin ; 

S.  noM :  r,  eye ;  /.  Mr ;  g,  leaopluigni  or  gnllet ;  \,  Homich  ;  <  1,  Intat- 
tlne :  J,  dtiphngm  or  "mldijir^  k,  rectam  or  Urmloil  porttoD  of 
IntMtlnc  :  I,  uiu  ;  ■>.  Um ;  k,  •p1e*n ;  o,  Iddne)' ;  f  p,  ijaipttbtUc 
or  eugltonle  lyaUio  of  norvH  ;  q^  puicre«i  \  r,  urinur  bUddsr ;  j  t, 
tpiul  cord :  o.  nraler ;  « t  v  c,  TerUbnl  oolomn ;  w,  haut :  m,  Isng  i 
f,  tnchu  or  windplpg :  i,  (plglotUi. 

or  "  gullet "  (g),  to  tha  stomach  (A),  where  it  is  acted 
upon  by  the  special  secretion  of  that  organ,  termed  the 
"  gastric  juice ;"  and  by  the  action  of  this  secretion  is 
converted  into  a  fluid  mass,  to  which  the  name  of 
"  chyme  "  hae  been  given.  The  "  chyme  "  next  passes 
into  the  first  and  longest  portion  of  the  intestinal 
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tract,  termed  the  "small  inteetme"  (tt);  where  the 
"  bile "  secreted  by  the  liver  (m),  the  "  panoreatio 
juice  "  secreted  by  the  "pancreaa"  or  "sweet-bread"  (5), 
and  the  " inteatinal  juice"  furaiahed  by  the  mucous 
glauda  of  the  inteatine,  seveially  act  upon  it ;  the  result 
of  the  action  of  these  secretions  being  the  conversion 
of  the  "  chyme  "  into  a  white  fluid  resembling  milk, 
and  termed  "chyle."  The  ind^jestible  and  innu- 
tritious  portions  of  the  food  are  gradually  passed  on- 
wards, and  enter  the  "  large  "  intestine  (k),  which  forma 


Ftg.  93.  Absou 

a  g,  EWiMiidiiig  urts  or  principal  arlnr  of  tbs  body  :  b  b,  thorulc  dact ; 
c  c  origUl  oT  lr™pli^<i  or  Ucteal  ¥e«eli  (g  g),  Tma  mils  of  Intcstlnfl 
(dd);  tte,  msHDtecT  01  ouiobiviB,  itUchiag  lnt«gtiiie  to  nils  of 
bodj ;//,  lutoil  tfuda. 

the  shorter  portion  of  the  intestinal  canal,  and  which 
terminates  usually  by  a  distinct  anal  aperture  {/). 

So  &r  the  process  of  digestion  has  proceeded ;  the 
next  step  introduces  us  to  the  "absorptive"  Byst«m, 
which  constitutes  a  characteristic  feature  of  the  Verte- 
brate type  of  structure.  Throughout  the  Invertebrate 
series  the  products  of  digestion  passed,  in  the  less 
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highly  organised  forms,  simply  from  the  digestive 
tract  into  the  perivisceral  sinusesj  or  into  the  general 
cavity  of  the  hody;  or  in  more  perfect  forms  the 
elaborated  fluid  was  sent  directly  into  the  current  of 
the  circulation^  But  in  the  Vertebrata  the  process  of 
absorbing  the  "  chyle "  or  digestive  product  is  per- 
formed by  a  special  set  of  vessels  forming  the  con- 
necting media  between  the  digestive  and  vascular 
systems,  and  to  which  the  name  of  "lacteal  vessels" 
has  been  given.  These  vessels  (Fig.  93,  c  c^gg)  ramify 
in  the  walk  of  the  intestine  [d  d\  and  absorb  the 
"  chyle "  as  it  passes  along  the  Intestinal  tract,  con- 
veying it,  after  further  elaboration  in  the  '^  lacteal 
system,"  to  the  current  of  the  circulation,  which  it 
enters  by  one  of  the  large  veins  in  the  neighbourhood 
of  the  neck. 

The  conversion  of  nutrient  matter  into  blood  being 
understood,  the  blood  itself  may  next  in  order  be 
examined.  The  blood  of  Yertebrata  is  uniformly  of 
a  red  colour,  and  when  microscopically  examined,  the 
colour  is  seen  to  be  due  to  the  presence  in  the  blood 
of  an  immense  number  of  small  bodies,  generally  of 
spherical  shape,  and  to  which  the  name  of  "blood- 
corpuscles  "  has  been  given.  These  corpuscles  (Fig. 
94)  are  suspended  in  a  clear  fluid — the  "  plasma  " — and 
further  exhibit,  throughout  the  Vertebrate  series,  char- 
acteristic variations  in  size,  form,  and  structure.  Thus, 
the  red  blood-corpuscles  of  Fishes  (Fig.  94,  D  E),  Am- 
phibians (C),  Reptiles,  and  Birds  (B),  although  differ- 
ing in  size  and  form,  present  a  similarity  in  structure, 
in  that  each  blood-corpuscle  contains  in  its   interior 
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another  and  smaUer  corpuscle  termed  the  "nucleus." 
Hence,  the  "  blood-corpuscles "  in  these  four  classes 
are  said  to  be  '^  nucleated."  In  the  Mammalia^  on  the 
other  hand,  the  blood-corpuscles  (Fig.  94,  A,  a  5  c)  are 
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M.  BLOOi>-CoRPt7BCLEB  OF  Vebtsbrata.    (After  Wagner.) 

A,  Red  blood-corpuscles  of  Man  ;  a,  viewed  flat  surface  towards  the  eye ; 
hf  in  profile ;  and  c,  in  ronleaoz.  B,  Corpuscles  in  common  Fowl ;  d, 
viewed  side wajs.  C,  Corpuscle  of  Frog  (RatMy  D,  Corpuscles  of  Shark, 
(SqwUiu) :  e,  viewed  flat  surface  towards  the  eye ;  /  sideways.  E,  Cor- 
puscles of  FLshing-Frog  (Lophitu) ;  g,  flat  surface  ;  h,  edgeways. 

devoid  of  a  nucleos,  and  are  accordingly  said  to  be 
'^  non-nucleated."  This  cardinal  fiact  regarding  the 
"  blood-corpuscles  *'  of  the  various  Vertebrate  groups  it 
is  necessary  to  bear  in  mind,  since  various  important 
generalisations  in  the  classification  of  the  gproup  have 
been  founded  upon  these  differences  in  structure.  The 
variations  in  form,  and  the  differences  in  size,  may  also 
be  noticed  in  the  present  instance.  In  the  Amphibia, 
represented  by  Frogs  and  their  allies,  the  largest  cor- 
puscles (Fig.  94,  C)  are  found;  the  blood-corpusdes 
of  Fishes  and  of  Birds  are  also  of  considerable  size 
as  compared  with  those  of  Mammals,  the  smallest 
blood-corpuscle  known,  being  that  of  the  Musk  Deer 
(Mosehits  moschiferus).  In  form  also,  the  blood-cor- 
puscles of  Mammals  differ  &om  those  of  the  other 
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Yertebrate  groups,  the  Mammalian  corpuscles  being, 
with  few  exceptions,  circular,  whilst  those  of  the  other 
groups,  with  one  or  two  exceptions,  are  of  oval  or 
elliptical  shape. 

III.  The  Haemal^  or  Blood-  Vascular  System. — ^With 
the  exception  of  the  Lancelot,  all  Vertebrates  possess  a 
contractile  chamber  or  "heart"  (Fig.  92,  w\  the  office 
of  which  is  to  circulate  the  blood  throughout  the  body. 
This  organ  varies  considerably  in  the  degree  of  perfec- 
tion to  which  its  morphological,  as  well  as  its  functional 
relations  attain ;  and  in  the  present  instance  it  may 
suffice  to  indicate  the  phenomena  of  the  circulation  in 
the  higher  members  of  the  group;  the  various  modifica- 
tions being  afterwards  observed  when  treating  of  the 
special  morphology  of  the  Yertebrate  classes.  The 
most  perfect  and  typical  circulation  is  seen  in  Birds  and 
Mammals,  in  which  classes  the  circulation  is  said  to  be 
'<  double" — a  term  implying  a  subdivision  of  the  circu- 
latory poocess  into  two  distinct  yet  connected  parts. 
Thus  the  *' greater"  or  "systemic"  circulation  (Fig.  95, 
g)  is  that  through  the  body,  whilst  the  "  lesser"  or 
"  pulmonary"  circulation  (k)  is  that  through  the  lungs, 
for  the  purpose  of  purification.  Accordingly,  the  heart 
exhibits  a  double  structure,  being  divided  into  a  right 
and  left  side,  and  each  side  being  further  divided  into 
two  chambers  or  cavities — the  smaller  chamber  of  each 
side  being  known  as  the  "  auricle"  (Fig.  95,  a  e),  whilst 
the  larger  is  termed  the  "  ventricle "  {b  d).  Functionally 
viewed,  the  right  side  of  the  heart  is  solely  concerned 
with  the  "  lesser"  or  pulmonary  circulation  {k),  whilst 
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the  left  side  is  exclusively  deyoted  to  canying  on  the 
circulation  through  the  system  (^).  With  these  two 
distinct  sides  of  the  heart,  two  distinct  kinds  of  blood- 


Fig.  95.  Diagram  or  thk  Circulation  in  Mammals. 

(The  conne  of  the  circulation  is  depicted  as  obseired  from  behind— the 
observer's  right  thus  corresponding  with  the  2</t  side  of  the  heart.) 
The  venons  coarse  of  the  circulation  is  indicated  by  the  cross-shading, 
the  arterial  system  being  left  white,  a.  Left  auricle  of  heart ;  h,  left 
ventriele ;  e,  right  auricle ;  d,  right  yentricle ;  e,  aorta,  or  great  artery, 
proceeding  fh>m  left  ventricle ;  /,  vena  cava,  or  great  venous  trunk, 
terminating  in  right  auricle :  g,  systemic  circulation ;  h,  pulmonary 
artery,  carrying  venous  blood  to  lungs ;  k^  circulation  in  the  lungs, 
or  pulmonary  circulation ;  Z,  pulmonary  vein,  returning  purified  or 
arterial  blood  to  left  auricle.  The  dotted  circle  represents  the  i>eri- 
cardium,  or  enveloping  sac  of  the  heart,  and  the  arrows  denote  the 
course  of  the  circulation. 

vessels  are  in  connection.      The  first  of  these  take 
their  origin  from  the  left  or  systemic  side  of  the  heart, 
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and  are  known  as  ''arteries"  (e);  the  second  set  of 
vessels,  known  as  ''  yeins"  (/),  terminate  in  the  right 
side  of  the  heart  An  intermediate  set  of  vessels, 
termed  ''capillaries/'  serves  to  unite  and  connect  the 
arteries  and  the  veins,  in  a  manner  that  will  be  apparent 
when  the  course  of  the  circulation  is  understood. 

In  the  Mammal  and  Bird,  therefore,  the  pure  or 
"  arterial "  blood  from  the  lungs,  rich  in  oxygen,  and 
intended  for  the  nourishment  and  repair  of  the  tissues, 
enters  the  left  auricle  (Fig.  95,  a),  and  this  cavity  con- 
tracting, the  blood  is  sent  into  the  larger  chamber — ^the 
left  ventricle  (6), — regurgitation  into  the  auricle  being 
prevented  by  a  valvular  structure  known  as  the  "mitral" 
valve.  From  the  left  ventricle  the  blood  is  next  sent 
into  the  "  aorta,'*  or  great  arterial  trunk  of  the  body  (e), 
which,  with  its  numerous  branches,  forming  the  arterial 
system,  conveys  the  blood  to  all  parts  of  the  body. 
The  arteries,  ramifying  throughout  the  system,  gradually 
merge  into  the  "  capillaries,"  which  in  turn  grow  more 
and  more  minute,  tmtil  they  become  of  microscopic 
size,  and  so  fitted  to  supply  the  intimate  tissue  struc- 
ture with  nutrient  material  The  nutrient  function  of 
the  blood  having  been  thus  performed,  and  carbonic 
acid,  heat,  and  water,  having  been  returned  to  the 
blood  as  products  of  the  tissue  waste,  the  second  part 
of  the  circulatory  process  may  now  be  said  to  com- 
mence. This  second  process  consists  in  the  convey- 
ance of  the  impure  blood  to  the  respo^tory  organs,  a 
part  of  the  function  with  which  the  right  side  of  the 
heart  has  solely  to  do.     The  impure  blood,  therefore, 
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passes  from  the  capillaries  into  the  veins — ^the  relations 
of  the  arteries,  capillaries,  and  veins  being  now  appa- 
rent. The  arteries  thus  carry  blood  from  the  heart  to 
the  system ;  the  veins  return  blood  to  the  heart  from 
the  system ;  whilst  the  capillaries  form  a  connecting 
series  of  vessels,  in  which  the  blood  from  the  arteries 
is  brought  directly  into  contact  with  the  tissues,  and 
by  which,  at  the  same  time,  the  impure  blood  is 
gradually  transferred  to  the  veins. 

Thus  conveyed  by  the  veins,  the  blood  is  returned  to 
the  heart  in  a  venous  condition.  It  has  now  assumed  a 
dark  or  purple  colour,  consequent  on  the  absorption  of 
carbonic  acid ;  pure,  or  arterial  blood,  on  the  contrary, 
being  of  a  brighter  or  scarlet  hue.  The  venous  system 
terminates  into  two  large  venous  trunks,  known  as  "  vente 
cavae  "  (/),  which  debouch  into  the  right  auricle  of  the 
heart  (c) ;  and  by  the  contraction  of  this  latter  cavity,  the 
blood  is  forced  into  the  right  ventricle  (d) — ^regurgita- 
tion, as  before,  being  prevented  by  a  valve  to  which 
the  name  of  ''tricuspid''  is  applied.  From  the  right 
ventricle,  the  venous  blood  is  conveyed  by  the  pul- 
monary arteries  (h)  to  the  lungs  to  be  purified — the 
consideration  of  this  process  being  included  under  the 
phenomena  of  respiration — ^and  after  purification,  the 
now  pure  and  arterial  blood  is  returned  by  the  pulmo- 
nary veins  (/)  to  the  left  auricle,  to  be  recirculated  through 
the  body 'as  before. 

Fresh  nutrient  matter,  in  the  form  of  chyle,  taken  up 
from  the  digestive  system  by  the  lacteals,  is  at  intervals, 
as  previously  noticed,  poured  into  the  current  of  venous 


324  VEKTEBRATA. 

blood  -which  is  being  sent  to  the  lungs ;  there,  having 
been  oxygenated,  this  new  material,  incorporated  with 
the  already  circulating  blood,  is  sent  through  the  sys- 
tem, in  turn  to  perform  its  part  in  the  great  function 
of  nutrition. 

rV.  The  Respiratory  System, — ^Whilst  in  the  lower 
Vertebrates,  respiration,  or  the  process  of  purification 
of  the  blood,  is  carried  on  by  means  of  gills,  or  by  gills 
in  combination  with  lungs,  the  higher  members  of  the 
group  respire  exclusively  by  lungs  (Fig.  92, «).  Func- 
tionally, the  process  is  similar  throughout  the  series, 
and  consists  essentially  in  the  interchange  of  carbonic 
acid  and  oxygen  gases — the  former  being  excreted,  the 
latter  inspired  ;  and  the  oxygenation  of  the  blood  being 
thus  synonymous  with  the  conversion  of  venous  into 
arterial  blood.  In  the  lungs,  on  the  intimate  structure 
of  which  it  will  be  unnecessary  here  to  dwell,  the 
venous  blood  is  therefore  exposed  to  the  action  of  the 
oxygen  contained  in  the  inspired  air ;  and  is  thus  aerated 
and  purified,  the  carbonic  acid,  heat,  and  water  being 
at  the  same  time  excreted.  As  intimately  associated 
-with  the  lungs  in  the  excretory  process,  the  skin  and 
kidneys  may  briefly  be  mentioned.  The  skin  greatly 
aids  the  lungs  in  the  work  of  excretion ;  a  certain  pro- 
portion of  the  water,  and  in  most  cases  a  determinable 
proportion  of  the  carbonic  acid  also,  being  thus  got  rid 
of  On  the  kidneys  devolves  the  no  less  important 
task  of  eliminating  the  nitrogenous  waste  of  the  body, 
represented  in  chief  by  the  substance  termed  urea, 
together  with  water,  and  a  small  percentage  of  carbonic 
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acid  also.  The  excretion  of  the  kidneys  (Fig.  92,  o), 
known  as  urine,  is  usually  conveyed  by  two  tubes,  the 
"  ureters"  (tt),  to  a  distinct  organ,  the  "  urinary  bladder" 
(r),  whence  it  is  excreted  externally.  In  the  lower 
groups  of  the  Yertebrata  the  ureters  open,  with  the 
"  rectum,"  into  a  common  chamber  or  "  cloaca." 

V.  The  Nervous  System. — As  previously  noticed, 
the  nervous  system  in  the  Yertebrata  more  particularly 
partakes  of  the  high  d^ree  of  specialisation  peculiar 
to  the  group.  Two  distinct,  yet  connected  systems  of 
nerves  exist  in  most  Vertebrate  ftnimala ;  the  one  en- 
closed in  the  skull  and  vertebral  column,  and  known 
as  the  "cerebro-spinal"  axis  (Fig.  92);  the  second, 
termed  the  "  sympathetic  "  or  "  ganglionic  system  "  (Fig. 
92)  of  nerves ;  the  centres  of  this  latter  system  being  ^ 
disposed  on  the  under  surface  of  the  vertebral  column, 
and  being  thus  contained  within  the  visceral  cavity  of 
the  body.  The  "  cerebro-spinal "  axis  is  that  which 
is  peculiar  to  the  Vertebrate  Series ;  it  admits  of  divi- 
sion into  the  brain  or  ''encephalon"  (Fig.  92,  b),  and 
the  spinal  cord  or  "  myelon  "  (s  s).  The  "  encephalon  " 
is  further  divided  into  the  ^'  cerebrum  "  (Fig  92,  6),  or 
"brain  proper"  and  the  "cerebellum"  or  '^ lesser 
brain  "  (c) ;  and  from  the  brain  itself,  as  well  as  from 
the  spinal  cord,  nerves  arise  in  symmetrical  order,  and 
are  distributed  to  the  oi^ans  and  tissues  of  the  body. 
In  the  "  sympathetic "  system  (Fig.  92,  p  p\  the 
symmetrical  arrangement  of  parts  is  no  longer  seen, 
this  system  of  nerves  being  represented  by  a  series 
of  large  "ganglia,"  disposed  in  an  irregular  manner 
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over  the  viscera  generally ;  the  term  "  ganglionic'' 
being  applied  to  the  "  sympathetic  '*  system  from  this 
latter  feature  in  its  disposition.  The  physiology  of 
these  two  centres  of  correlation  in  Vertebrate  animals 
is  also  distinct,  each  system  performing  its  own  special 
duty  in  the  great  function  of  innervation.  Thus,  the 
"  cerebro-spinal "  axis  is  essentially  connected  with 
sensation  and  locomotion,  and  in  the  higher  animals 
with  volition  and  intelligence ;  and  these  functions 
being  eminently  characteristic  of  the  animal  world  as 
distinguished  from  the  plant  creation,  the  '' cerebro- 
spinal axis  "  has  accordingly  been  said  to  preside  over 
the  functions  of  "  animal "  life.  The  "  sympathetic  " 
system  of  nerves  is  to  a  certain  extent  independent  of 
the  will,  the  function  of  these  centres  being  to  regulate 
the  great  vital  processes  of  digestion,  respiration,  and 
circulation ;  and  these  functions  being  also  performed 
by  plants,  the  "sympathetic"  system  is  accordingly 
said  to  govern  the  functions  of  "vegetative"  life. 
Homologically  regarded,  therefore,  the  "  sympathetic  " 
system  corresponds  to  the  ordinary  nervous  system  of 
the  Invertebrate  Series,  the  functions  of  life  in  the 
lower  animals  being  essentially  "  vegetative "  in  their 
nature. 

Eeproduction  in  Vertebrate  animals  is  effected  in 
various  ways,  or  rather  by  modifications  of  the  same 
typical  process.  The  sexes  exist  in  different  indivi- 
duals throughout  the  group.  The  great  majority  of 
Vertebrates  are  either  "  oviparous," — ^that  is  producing 
impregnated  ova  or  eggs,  from  which  the  young  are  after- 
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wards  batched,  or  "  ovo-yiyipaTous ;"  the  eggs  in  this 
latter  case  being  retained  within  the  parent's  body  for  a 
longer  period,  or  nntil  the  young  animal  is  hatched. 
In  the  higher  Vertebrates  the  ova  are  hatched,  and  the 
young  animal  or  embryo  is  retained  within  the  body  of 
the  parent  for  a  longer  or  shorter  period ;  the  young 
are,  in  this  latter  case,  bom  alive,  and  in  an  advanced 
state  of  development ;  the  term  "  viviparous  "  being 
applied  to  those  animals  in  which  the  reproductive 
process  thus  assumes  its  most  perfect  phase. 

Clabsifioation. — ^The  simplest  and  most  natural 
mode  of  classifying  the  Yertebrata,  is  that  by  which 
the  sub-kingdom  is  divided  into  two  great  sections, 
distinguished  by  the  presence  or  absence  of  gills. 
Thus  the  section  of  the  Branchiata,  or  "  GUled"  Verte- 
brata,  includes  the  two  classes  of  the  Fishes  {Pisces) 
and  Amphibians  (Amphibia) ;  the  presence  of  branchiae 
or  gills  during  the  whole  or  a  part  of  the  animaVs  life, 
classifying  these  two  groups  in  the  Branchiate  section. 
The  Beptiles  {Reptilia\  Birds  (Aves),  and  Mammals 
(MammcUia),  accordingly,  form  the  Abranchiate  section, 
distinguished  by  the  fact,  that  at  no  period  of  life  do 
gills  exist  in  any  member  of  these  several  classes. 
Other  and  minor  characteristics — such  as  the  relative 
development  of  certain  embryonic  appendages,  and  the 
comparative  temperature  of  the  blood — ^have  been  also 
used  to  subdivide  the  group,  or  to  supplement  the 
above  primary  distinctive  feature. 

By  Huxley  the  Yertebrata  are  divided  into  three 
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great  piovmces  or  sections — (a)  the  lehihyopsidaf  in- 
dnding  the  Fishes  and  Amphibians — this  section  cor- 
responding to  the  BranehicUe  division  above  noticed ; 
(b)  the  SauropaidOf  including  the  Eeptiles  and  Birds; 
and  (c)  the  Mammalia,  including  the  Mammals — ^the 
characteristic  features  of  this  latter  group  being  re- 
garded of  sufficient  importance  to  constitute  the  class 
itself  as  a  primary  division  of  the  sub-kingdom.  This 
classification,  besides  being  the  most  recent,  has  the 
merit  of  not  only  bringing  into  notice  many  import- 
ant and  distinctive  characteristics  in  the  economy  of 
the  several  Vertebrate  classes,  but  also  of  uniting  these 
classes  into  distinct  provinces,  separated  from  each  other 
by  as  distinct  and  peculiar  morphological  features. 

The  Yertebrata  are  therefore  classified  according  to 
the  following  table  : — 

Vbrtbbrata. 

_,  .    -  f  Class  1.  Pisces. 

Province  A.  Iohthtopsida.  -{  -,,      ^    ,      , ., . 

(^  Class  2.  Amphibia, 

_  -.   «  f  Class  3.  ReptHia. 

Provinob  B.  Sauropsida.    <  ^       ^    ^ 

[^  Class  4.  Aves. 

Province  C.  Mammalia.     Class  5.  Mammalia, 


CHAPTER    XX. 

VERTEBRATA. 

PrOVINCK  a — ICHTHYOPSIDA. 

General  Character  and  Structure  of  Pisces. 

The  Ichthyopsida,  or  "fish -like"  Vertebrata,  forming 
the  first  Province  of  the  present  sub-kingdom,  are 
represented  by  the  two  classes  Pisces  and  Amphibia — 
the  characters  common  to  and  uniting  these  divisions 
in  one  province,  being  found  chiefly  in  the  nature  of 
the  respiratory  or  breathing  apparatus,  which  consists  of 
gills — these  organs  persisting  either  throughout  the 
whole  or  only  a  part  of  life ;  in  the  presence  of 
nucleated  blood-corpuscles ;  and  in  the  absence  of 
certain  embryonic  structures  ("amnion"  and  "allan- 
tois"),  to  be  noticed  more  particularly  in  the  Sauropsida^ 
in  which  forms  these  structures  occur  for  the  first  time 
in  the  Vertebrate  Series.  The  special  and  diagnostic 
characters  of  each  class  will  be  more  appropriately  con- 
sidered when  treating  of  the  special  divisions  themselves. 

Class  I. — Pisces. 

As  scientifically  defined,  the  class  Pisces^  or  Pishes, 
includes  those  forms  in  which  the  respiratory  process  is 
carried  on  during  the  entire  life  of  the  creature  by 
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means  of  branchise  or  gills,  the  respiration  being  thus 
aquatic  in  its  nature.  The  heart  is  usually  and  typi- 
cally two-chambered,  consisting  of  one  auricle  and  one 
ventricle ;  and  the  limbs  are  mostly  present  in  the  form 
of  fins.  The  form  of  the  fish  is  admirably  adapted 
for  swift  progression  through  the  watery  medium  in 
which  it  lives,  the  shape  of  the  body  being  so  modelled, 
and  the  scales  with  which  it  is  covered  being  so  dis- 
posed, as  to  present  the  least  possible  resistance  to  the 
surrounding  and  opposing  fluid. 

The  head  is  in  general  distinctly  marked,  and  is 
joined  directly  to  the  trunk — ^no  true  neck  being  ob- 
servable. The  body  tapers  gradually  towards  each 
extremity,  and  in  general  is  flattened  vertically,  or  from 
side  to  side.  In  some  cases,  however,  and  typically  in 
the  Skates  and  Eays,  the  body  is  compressed  from 
above  downwards,  and  presents  broad  dorsal  and  ven- 
tral surfaces ;  whilst  in  the  so-called  Flat-fishes  (Pleura- 
nectidce)^  represented  by  the  Soles,  Plaice',  and  their 
allies,  the  body,  although  apparently  flattened  on  the 
dorsal  and  ventral  surfaces,  is  not  so  in  reality — the 
body  being  in  these  latter  cases  greatly  compressed 
from  side  to  side.  The  bones  of  the  head,  in  this 
instance,  are  further  curiously  modified,  both  eyes  being 
thus  brought  to  one  side  of  the  body,  which  is  bordered 
by  long  "  dorsal"  and  "  anal "  fins.  These  fishes  there- 
fore rest  on  one  side,  and  not,  as  generally  supposed^ 
on  the  lower  or  ventral  surface  of  the  body. 

The  integument  in  Fishes  presents  some  very  in- 
teresting features  for  consideration.     In  all,  the  skin  is 
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more  or  less  tensely  stretched  over  the  subjacent  tissues, 
and  appears  to  be  lubricated  by  a  mucous  or  oily 
secretion,  furnished  by  a  special  glandular  system,  to 
which  reference  will  be  more  fully  and  subsequently 
made.  In  general,  the  body  is  covered  with  imbricated 
plates  or  '*  scales,"  which  are  to  be  regarded  as  peculiar 
developments  of  the  ^^  epidermic  exoskeleton,"  and 
which,  overlapping  each  other,  after  the  manner  of 
house-tiles,  thus  constitute  a  most  perfect  armour- 
casing  and  protection  for  the  body.     The  scales  vary 
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Fig.  96.  Scales  of  Fishes  (after  Owen). 

A.  "  Cycloid  "  scale  (Salmon).  B.  "  Ctenoid  "  scale  iPerch).  C,  **  Placoid  " 
scale  (Ray).  D,  "Ganoid"  scales  (Aviblypterua  atHatvu)  (Carbonf- 
feroos);  o^  upper  sarfsoe;  h,  under  surface,  showing  articulating 
processes. 

greatly  in  form,  size,  and  texture,  and  present  so  many 
and  striking  differences,  that  Professor  Agassiz  has  pro- 
posed to  classify  the  group  in  accordance  with  the 
variations  presented  by  these  appendages.  The  most 
common  form  of  scale  is  that  seen  in  nearly  all  our 
common  Fishes,  and  to  which,  from  its  more  or  less 
rounded  shape,  the  term  ''cycloid"  has  been  applied. 
The  ''cycloid"  scale,  depicted  at  A,  Figure  96,  essen- 
tially consists  of  a  thin  homy  plate  of  circular  shape, 
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lowed  out  in  front  and  behind,  the  appoedtion  of  two 
Tertebwe  producing  a  distinct  cavity  (Fig.  97,  B,  c), 
which,  during  tha  life  of  the  antnial,  ia  filled  with  a 
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gelatinouB  eubetance,  the  Tcmaine  of  the  "  notochord  " 
of  early  and  embryonic  life ;  this  arrangement  penult- 
ting  of  that  amount  of  free  movement  and  flexibility  of 
the  apine,  so  necessary  to  the  doe  performance  of  the 
rapid  movi  ments  observed  in  the  locomotion  of  the 
fish.  In  one  single  example  only — the  Bony-Pike 
(Fig.  103) — is  a  different  arrangement  of  the  vertehrw 
met  with.  In  this  form,  the  anterior  or  front  snr&cea 
of  the  vertehrte  are  convex,  whilst  the  poaterior  or  hinder 
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surfaces  are  concave  ;  a  ball-and-socket  joint  being 
thus  formed  by  the  approximation  of  the  vertebras  to 
each  other,  and  the  term  '' opisthocoelous"  being  ap- 
plied to  the  modification  of  structure  thus  observed. 

The  abdominal  and  caudal  vertebrsB  bear  distinct 
neural  spines  (superior  spinous  processes)  (Fig.  97,  b  b\ 
the  caudal  vertebne  in  like  manner  bearing  long  haemal 
or  inferior  spines  (c  c)  ;  the  ribs  (d  d),  \^hich  are  con- 
fined to  the  anterior  abdominal  segments,  springing 
from  the  ''transverse  processes"  of  these  vertebrae. 
These  ribs  articulate  each  with  but  a  single  vertebra, 
and  are  not  attached  in  firont  to  any  distinct  "  sternum  " 
or  breastbone,  their  free  extremities  being  imbedded  in 
the  muscular  walls  of  the  abdomen ;  the  ribs  in  turn 
usually  bear  small  processes  (Fig.  97  d  d\  which  serve 
to  fix  them  more  securely  in  the  adjacent  tissues.  The 
"  sternum,"  as  such,  is  wanting ;  although  occasionally 
it  would  appear  to  be  represented  by  rudimentary 
ossifications  in  the  abdominal  walL  '^o  true  thoracic 
or  chest-cavity  is  therefore  to  be  distinguished  in  Fishes, 
the  ribs  bearing  no  relation  to  the  respiratory  function, 
and  merely  sufficing  to  support  the  muscular  walls  of 
the  body.  The  "  interspinous  bones  "  of  Fishes  (Fig. 
97,  0  6  6),  are  a  series  of  bones  supported  on  the  spinous 
processes  of  the  vertebrae,  and  serving  in  turn  to  attach 
and  support  the  rays  of  the  "  median  "  fins  (/\  /^,  h), 
to  which  attention  will  be  presently  directed. 

The  skull  of  Fishes  presents  an  exceedingly  intricate 
and  complicated  structure,  and  in  the  present  instance 
it  may  suffice  to  merely  mention  those  points  in  its 
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conformation  which,  it  is  most  essential  to  understand. 
The  chief  of  these  are  the  structures  connected  with  the 
respiratory  function,  and  which  involve  the  considera- 
tion of  the  morphology  of  the  "  gill-cover  "  or  "  oper- 
culum "  (Fig.  97,  n).  This  structure  consists  of  a  series 
of  bones,  known  as  the  "  opercular  bones,"  connected 
to  each  other  by  membrane,  and  forming,  as  its  name 
implies,  the  lateral  wall  of  the  "  gill,"  or  •*  branchial " 
chamber  of  the  fish.  The  "  hyoid  "  or  "  tongue  "  bone 
of  fishes  also  exhibits  a  peculiarity  in  development,  in 
that  it  not  only  gives  support  and  origin  to  the  tongue, 
but  gives  attachment  to  the  structures  of  the  respira- 
tory apparatus  also. 

The  "  fins  "  of  Fishes,  as  representing  the  limbs,  evince 
the  greatest  departure  from  the  ordinary  type  of  loco- 
motive appendages  among  the  Yertebrata.  These  organs 
are  divisible  into  two  distinct  series,  respectively  de- 
nominated the  "  paired "  and  the  "  unpaired  "  or 
"  median  "  fins.  The  homology  of  these  two  series  of 
fins  is  also  different ;  the  former,  or  '^  paired  fins,"  being 
homologous  with  the  limbs  of  other  Yertebrata,  whilst 
the  latter  series  are  to  be  regarded  as  mere  appendages 
of  the  epidermis,  and  as  parts  of  the  exoskeleton.  The 
paired  fins  are  known  as  the  "  pectoral"  (Figs.  97,  i,  and 
98,  p)  and  "  ventral"  fins  (k,  v),  and  are  typicaUy  four  in 
number,  although  sometimes  the  ''pectoral,"  and  in  many 
cases  the  ''  ventral "  pair  are  absent ;  these  latter  fins 
especially  presenting  many  variations  in  size,  form,  and 
situation.  The  "  pectoral "  fins  (Figs.  97,  t,  98,  ;?),  cor- 
responding to  the  "anterior"  or  "pectoral"  limbs  of 
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oiher  Yertebrates,  are  situated  anteriorly,  and  on  the 
breast  of  the  fish.  The  homology  of  the  endoskeleton 
of  the  limbs  (Fig.  97)  can  in  most  instances  be  satisfac- 
torily determined — the  homologues  of  the  "  scapula"  or 
shoulder-blade,  of  the  "coracoid  bone,"  and  of  the 
"  clavicle,"  being  usually  traceable.  Of  the  bones  of  the 
arm  proper,  the  ''  humerus  "  may  be  rudimentary ;  the 
"radius"  and  "ulna"  are  generally  distinct;  the  "car- 
pus," or  "  wrist,"  is  represented  by  several  small  bones, 
varying  in  number;  and  lastly,  the  "fin-rays"  (Fig. 
97, i)  represent  the  "metacarpus"  and  "phalanges"  of 
higher  forms.  The  endoskeleton  of  the  "ventral" 
fins  (Fig.  97,  J9,  k)  also  partakes  of  the  modification  in 
structure,  to  which,  as  previously  remarked,  these 
latter  members  are  subject.  The  ventral  fins  may 
occupy  two  distinct  positions  in  Fishes.  They  may 
either  be  situated  close  to  the  anal  fin  (Fig.  102),  when 
they  are  said  to  be  "  abdominal "  in  position  ;  or  they 
may  be  placed  close  to  and  underneath  the  "pectorals" 
(Fig.  98,  v\  in  which  case  they  are  termed  "thoracic" 
OT  "jugular"  in  position.  The  "pelvis"  (Fig.  97,  p) 
is  generally  represented  by  two  cartilaginous  pieces, 
imbedded  in  the  muscular  tissues  of  the  abdomen,  and 
entirely  unconnected  with  the  vertebral  column  when 
the  "ventral"  fins  are  "abdominally"  situated.  The 
''femur"  or  "  thigh-bone,"  and  the  "tibia"  and  "fibula," 
as  representing  the  leg,  are  entirely  wanting  in  the 
posterior  members;  the  "metatarsus"  and  "phalanges" 
or  "  toes"  being  represented  by  the  "fin-rays"  (Fig.  97,  A:), 
which,  in  this  case,  are  directly  attached  to  the  repre- 
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aentatirefl  of  the  pelvic  arch  (p).  When  th«  ventral 
fins  are  "thoracic"  in  podtios,  their  endoskeletoii  U 
attached  more  or  leas  intimately  to  that  of  the  "pectoral" 

fiDB. 

The  "median,"  "unpaired,"  or  "azygo8"fina,  vary 
greatly  in  number  and  dlBposition,  but  three  distinct 
sets  ue  generally  to  be  perceived.      Of  these,  the 
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"dorsal"  fine  (Fig.  98,  d^,  d^  are  thoee  which  are 
utnated  in  the  middle  line  of  the  "  back ;"  the  "  anal" 
fins  (Fig.  98,  a)  are  placed  on  the  ventral  sur&ce  of  the 
body,  and,  as  their  name  implies,  near  the  anal  aperture ; 
whilst  the  thiid  and  last  example  of  the  "  median"  £ita 
is  foond  in  the  "caudal"  or  "tail  fin"  (Tig,  98,  c), 
which  foims  the  chief  agent  in  the  locomotion  of  the 
fish.  The  structure  of  the  "median"  fins  is  essen- 
tially the  same  throughout,'  these  organs  being  sup- 
ported upon  "fin-raya"  (Fig.  97,/',/^  k),  united  by 
movable  articulations  with  the  "  inteiapinous  bonea" 
(Fig.  97,  e  e),  upon  which  they  are  supported     Th« 
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morphology  of  the  ''caudal"  fin  forms  the  only  re- 
maining point  to  which  attention  need  in  the  present 
instance  be  directed.  The  "  tail-fin"  in  Fishes  is  formed 
upon  one  or  other  of  two  distinct  types.  In  the  first 
of  these,  to  which  the  term  "homocercal"  tail  is 
applied,  and  which  is  exemplified  by  the  great  majority 
of  living  Fishes,  the  lobes  of  the  tail  are  equally  de- 
veloped (Figs.  97,  ^,  and  98,  c) — the  vertebral  column 
forming  no  part  of  the  fin,  and  the  ''tail-fin"  being 
symmetrically  disposed  on  each  aspect  of  the  spine. 
In  the  second,  or  "  heterocercal  V  variety,  the  lobes  of 
the  "caudal"  fin  are  unequally  developed  (Figs.  102, 
A,  B,  and  103,  A,  £),  the  spine  running  into  the 
upper  and  developed  lobe  of  the  tail  This  latter  type 
is  represented  by  a  few  existing  forms,  such  as  the 
Sturgeon,  Sharks,  Dog-fishes,  etc.,  and  also  by  the 
great  majority  of  extinct  and  fossil  species  (Fig.  104,  c). 
The  digestive  system  of  Fishes  presents  certain  points 
worthy  of  consideration.  The  teeth  are  usually  present 
in  great  number ;  and  concerning  these  organs,  the 
peculiarities  of  the  dental  arrangement  in  Fishes  may 
be  summed  up  under  three  heads.  Firstly,  their  num- 
ber, the  teeth  being  present  in  great  plenty ;  and  these 
organs  not  being  confined  to  the  jaw-bones,  as  in 
higher  forms,  but  being  borne  by  nearly  every  bone 
which  enters  into  the  formation  of  the  mouth. 
Secondly,  that  the  teeth  are  not  lodged  in  sockets, 
but  are  attached  by  ligaments  to  the  surface  of  the 
bones  upon  which  they  are  set ;  or  they  may  be  simply 
imbedded  in  the  mucous  membrane   of  the  mouth. 
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Further,  in  some  cases  the  ligaments  attaching  the 
teeth  to  the  bones  are  highly  elastic,  permitting  of  the 
depression  of  the  teeth  on  the  entrance  of  food,  and 
of  their  subsequent  and  instantaneous  return  to  the 
normal  position.  The  advantage  of  the  recurred  form 
of  the  teeth  also,  in  permitting  the  entrance  of  objects 
of  considerable  bulk  to  the  mouth,  but  preventing  the 
withdrawal  of  such  objects,  will  also  be  readily  per- 
ceived. Thirdly,  that  the  teeth  of  Fishes  undergo  re- 
newal or  repair  after  displacement  or  injury,  or  when 
worn  a  way  by  simple  attrition,  a&esh  posterior  set  being 
developed ;  or,  in  the  case  of  many  Fishes— exemplified 
by  the  Sharks — two  or  three  sets  may  be  found,  pre- 
pared to  take  the  place  of  those  which  are  lost  or  worn 
away. 

The  oesophagus  (Fig.  99,  c)  is  generally  short,  dilat- 
able, and  muscular,  and  opens  into  a  distinct  stomach 
(d),  the  "pyloric"  or. posterior  aperture  of  which  is 
generally  provided  with  a  muscular  valve.  Attached 
to  the  posterior  extremity  of  the  stomach,  a  number  of 
"caecar'  or  "blind"  appendages  (^),  known  as  the 
"  pyloric  caeca,"  are  usually  found.  These  organs  vary 
in  number  from  one  to  sixty,  and  are  supposed  to 
represent  the  pancreas — this  organ,  however,  being 
found  in  certain  Fishes  in  which  the  "  pyloric  caeca" 
are  also  present  The  intestine  {e  e  e),  after  a  few 
convolutions,  terminates  in  the  posterior  anus  (/).  The 
division  into  the  large  and  small  intestine  is  generally, 
but  faintly,  indicated — ^the  large  intestine,  in  the 
majority  of  instances,  being  represented  by  a  mere 
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increase  of  width  in  the  intestine,  just  before  it  termi- 
nates in  the  anus.  In  some  Fishes,  and  more  parti- 
cnlatly  in  the  Sharks  and  Kays,  the  mucous  or  lining 
membrane  of  the  intestine  is  arranged  in  spiral  or 
screiT-like   folds  (Fig.  99,  B),  which  serve  materially 
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i  the  absorptive  and  digestive  area  of  the 
structure. 

^0  distinct  salivary  glands  are  developed  in  Fishes, 
the  place  and  function  of  these  glands  being  subserved 
by  a  special  development  of  the  mucous  glands  of  the 
month,  and  in  all  probability  by  the  "pyloric  cteca" 
(ff)  alsa  The  liver  (Fig.  99,  k]  is  generally  lai^e,  and 
furnished  with  a  gall-bladder  (i),  the  ducts  of  which 
open  into  the  intestine,  posteriorly  to  the  pyloric  apei- 


312  YEBTEBRATA. 

tare.  The  spleen  (k)  is  of  small  size,  whilst  the  kidneys 
(m)  are  invariably  large,  lying  immediately  beneath  the 
spine,  and  their  efferent  ducts  or  "  ureters"  (n)  opening 
either  into  a  common  chamber  or  *' cloaca,"  or  by  a 
separate  and  distinct  aperture  (o). 

The  circulatory  process  in  Eishes  is  carried  on  by 
means  of  a  two-chambered  heart  (Fig.  99,  s),  consisting 
typically  of  an  auricle  (Fig.  100,  a),  receiving  the  ven- 
ous blood  from  the  body,  and  of  a  ventricle  (5)  driving 
it  for  purification  to  the  "  branchisd*'  or  gills  (e).  As 
seen  in  the  accompanying  diagram,  the  heart  of  the 
Fish  is  purely  "respiratory"  or  "branchial"  in  its 
character,  its  sole  function  being  to  send  the  blood  into 
the  respiratory  organs  for  aeration — the  purified  blood 
thus  returning  to  the  system  without  the  direct  inter- 
vention of  the  heart  The  functional  or  physiological 
aspect  of  the  circulatory  process  in  the  Fish,  is  thus 
essentially  different  from  that  observed  in  the  ordinary 
Mollusc ;  the  heart  of  the  latter  form  being  purely 
systemic  in  character,  and  being  used  exclusively  to 
distribute  the  purified  blood  through  the  system.  The 
branchial  artery  (Fig.  100,  d  ctjin  the  Fish,  as  it  leaves 
the  ventricle  (6),  usually  dilates  into  a  bulb  or  chamber 
termed  the  "bulbus  arteriosus,"  or  "arterial  bulb"  (c). 
This  chamber,  in  certain  instances^  is  provided  with 
highly  muscular  coats,  and  is  also  sometimes  furnished 
with  a  complicated  valvular  apparatus — the  "bulbus 
arteriosus"  in  these  cases  forming  a  third  contractile 
chamber,  and  serving  to  aid  the  ventricle  in  driving 
the  venous  blood  to  the  gills  for  purification. 
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In  Fishes  the  ''portal  system''  of  veins,  characteris- 
tic of  the  Vertebrate  series,  is  first  observed.  In  virtue 
of  this  arrangement  the  veins  from  the  stomach,  intes- 
tines, and  other  viscera,  pour  their  blood  into  the  liver, 


Fig.  100.    THCORY  of  CiRCUULTlOK   IN   FI8HM. 

a.  Auricle  of  heart;  6,  ventricle;  c,  hvUms  aarUrUmu;  d  d,  branchial 
arteries,  conveying  venone  blood  to  gille,  and  branchial  diculation  («); 
/.  branchial  veins,  pouring  purified  blood  into  aorta  (g) ;  *,  iyBtemic 
cixcnlation ;  i,  vena  cava,  receiving  venoua  blood  ftom  the  Bystem. 
The  venouB  blood  ia  indicated  by  the  shaded  portion ;  the  arUrial 
by  the  white.    The  arrowi  indicate  the  direction  of  the  circulation. 

instead  of  conveying  their  contents  to  the  heart — ^the 
bile  being  elaborated  from  the  supply  of  venous  blood 
thus  provided.  In  all  Fishes,  with  one  exception — 
the  Amphioxua  or  Lancelet — the  blood  is  red;  the 
blood-corpuscles  of  Fishes  being  nucleated  (Fig.  94,  D, 
£),  in  common  with  those  of  the  Sauropsida. 
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In  tlie  present  instance,  the  aquatic  form  of  the 
respiratoiy  process,  as  also  the  structure  of  the  cone- 
sponding  respiratory  organs  or  gills,  are  seen  in 
highest  perfection.  The  **  branchiae ''  consist  of  mem- 
branous and  vascular  tufts  or  laminae,  developed  on 
cartilaginous  arches,  known  accordingly  as  *'  branchial 
arches;"  these  latter  corresponding  to  the  "posterior 
visceral  clefts/'  which,  as  previously  mentioned,  remain 
in  the  Fishes  and  Amphibians  persistent  through  life. 
The  ''branchial  arches"  are  intimately  connected  with 
the  "  hyoid  bone,"  and  are  contained  in  special  cham- 
bers ("branchial"  or  "gill  chambers"),  one  of  which  is 
situated  on  each  side  of  the  pharynx  or  posterior 
portion  of  the  mouth.  The  "branchial  chambers" 
communicate  with  the  cavity  of  the  mouth  by  a  series 
of  slits  or  fissures  in  the  inner  or  pharyngeal  walls  of 
the  chambers,  to  which  the  term  "branchial  fissures'* 
(Fig.  99,  a)  is  applied.  Water  is  admitted,  as  in  swal- 
lowing, to  the  pharynx,  passes  through  the  branchial 
fissures  into  the  "gill-chambers,"  and  thus  provides 
for  the  due  oxygenation  of  the  blood ;  whilst  the  effete 
water  is  expelled  through  the  posterior  "  gill-slits"  or 
"opercular"  openings,  situated  at  the  hinder  maigin 
of  the  "  opercula "  or  "  gill-covers,"  by  the  combined 
muscular  action  of  the  "giU-covers"  and  "branchial 
arches." 

In  most  Fishes  an  organ,  presenting  features  of 
somewhat  anomalous  and  peculiar  character,  both  in  its 
morphological  and  physiological  aspect,  and  termed  the 
"  air"  or  "  swimming  bladder"  (Fig.  99,  Z),  is  found.   The 
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"  air-bladder"  consists  of  a  membranous  sac,  famished 
with  muscular  and  contractile  fibres,  and  placed  usually 
beneath  the  vertebral  column.     In  most  instances  the 
sac  consists  of  but  a  single  cavity,  whilst  in  other 
cases  it  is  divided  into  two  or  even  three  "  loculi "  or 
chambers.      Usually  the  '^  air-bladder''  presents  the 
form  of  a  simple  shut  sac  (Z) ;  but  in  other  instances  it 
communicates  with  the  pharynx  or  stomach  by  a  dis- 
tinct tube,  or  ''pneumatic  ducf    The  contained  gas 
also  varies  in  constitution — in  some  cases  nitrogen  gas, 
in  others,  oxygen  being  found.     The  former  gas  is  prin- 
cipally found  in  the  ''  air-bladders"  of  Fishes  inhabiting 
fresh- water  lakes  and  rivers,  whilst  those  of  the  sea 
Fishes  chiefly  contain  the  latter  gas.     The  obvious  use 
of  the  "  swimming-bladder"  is  to  act  as  a  hydrostatic 
apparatus,  and,  by  altering  the  specific  gravity  of  the 
Fish,  enabling  it  to  rise  or  sink  in  the  water — the 
necessaiy  condensation  or  expansion  of  the  contained 
gas  being  accomplished  by  the  contraction  or  relaxation 
of  the  muscular  fibres  with  which  the  organ  is  pro- 
vided. 

Whilst,  as  previously  remarked,  the  ''swimming- 
bladder"  is  present  in  the  majority  of  Fishes,  certain 
Fishes,  in  which  such  an  organ  would  apparently  have 
been  of  the  greatest  service,  do  not  possess  this  organ ; 
and,  on  the  other  hand,  it  is  present  in  several  instances 
where,  from  the  limited  character  of  the  movements  of 
the  Fishes,  the  "air-bladder"  would  appear  to  be  com- 
paratively useless.  A  careful  study,  however,  of  the 
homology  of  this  peculiar  organ  serves  to  explain  away 
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mach  that  would  otherwiBe  appear  strange,  or  eyen 
ioexplicable,  since  tbe  "air-bladder"  of  tbe  Fisb  is 
undoubtedly  bomologous  with  the  lungs  of  other  Ver- 
tebrates. This  homology  is  clearly  traceable  from  its 
subdivision  in  some  instances  into  two  parts ;  from  its 
cellular  structure  in  others ;  from  the  comparison  of  its 
efferent  duct  with  the  "trachea"  or  "windpipe"  of 
higher  forms ;  or,  best  of  all,  from  finding  in  the  Lepi-- 
dosiren,  or  "Mud-fish"  (Fig.  105),  the  air-bladder 
undergoing  further  development — ^becoming  more  cellu- 
lar and  lung-like  in  its  structure — subserving  in  this 
animal  the  function  of  true  lungs;  and  thus  demonstrat- 
ing its  true  and  undoubted  homology — and  in  this  latter 
case  its  analogy  also — ^with  the  lungs  of  higher  fbrms. 

In  their  nervous  system.  Fishes  exhibit  a  type  of 
organisation  decidedly  inferior,  in  many  respects,  to 
that  of  the  other  Vertebrate  groups.  The  cranial  cavity 
is  of  small  size ;  and,  save  in  the  Sharks  and  their  alliesy 
the  chief  nervous  centres  are  but  imperfectly  developed. 
The  senses,  however,  are  generally  well  developed 
throughout  the  class.  The  sense  of  sight,  in  particular, 
is  possessed  in  great  perfection,  the  optic  nerves  being 
of  considerable  size.  The  auditory  or  hearing  sense  is 
present  in  the  great  majority  of  forms,  and  is  subserved 
by  an  auditory  vesicle  containing  "otoliths,"  together 
with  other  and  rudimentary  structures,  homologous 
with  essential  parts  in  the  more  perfect  ear  of  higher 
forms.  The  auditory  organ,  however,  is  completely 
enclosed  within  the  head,  and  in  no  Fish  does  any 
external   auditory  opening   exist      Oigans  of  smell 
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exist  in  all  Fishes,  but  the  nasal  cavities, — save  in 
two  instances — ^the  Myxine  or  Hag-fish,  and  the  Lqpi^ 
donren  (Fig.  105), — are  shut  sacs,  no  communication 
existing  between  the  nostrils  and  the  cavity  of  the 
mouth.  The  sense  of  touch  appears  to  be  subserved  in 
certain  cases  by  special  filaments  or  '^  barbules  "  (Fig. 
98,  5),  situated  in  the  neighbourhood  of  the  mouth,  or 
which  in  some  cases  are  found  attached  to  the  pectoral 
fins.  The  so-called  '^lateral  lines,"  observed  running 
along  the  sides  of  most  FLshes,  are  also  supposed  to  sub- 
serve some  part  of  the  sensory  function.  Each  **  lii^e  *' 
is  formed  by  a  series  of  special  scales,  perforated  each 
by  a  minute  tube,  which  leads  into  a  common  canal, 
following  the  course  of  the  '^  lateral  line ; "  this  canal 
also  communicates  with  certain  cavities  situated  in  the 
head,  and  to  which  a  special  nervous  supply  is  distri- 
buted. The  ''lateral  lines,''  and  their  accompanying 
apparatus,  were  formerly  supposed  to  be  connected 
with  the  secretion  of  the  mucus  with  which  the  bodies 
of  Fishes  are  lubricated,  but  the  relations  of  the  system 
would  appear  to  render  the  former  view  of  their  function 
the  more  probable  and  correct 

Lastly,  in  several  Fishes  special  organs  are  met  with, 
by  means  of  which  they  are  enabled  to  communicate 
electric  shocks  to  any  animal  with  which  they  come  in 
contact.  Of  these  the  most  familiar  are  the  Torpedo  or 
Electric  Bay,  and  the  Gymnotus  or  Electric  Eel  of 
South  American  rivers.  The  electrical  oigans  consist 
of  special  masses  of  cellular  structure,  richly  supplied 
with  nervous  filaments ;  the  rationale  of  the  action  by 
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which  these  peculiar  organs  are  brought  into  play, 
being  the  conversion  of  nervous  energy  into  electricity^ 
just  as  muscles  convert  the  same  energy  into  ordinary 
motion. 

In  their  reproduction,  Fishes  generally  exemplify  the 
"  oviparous"  mode  of  that  process,  that  is,  they  produce 
fertilised  eggs,  firom  which  the  young  are  afterwards 
hatched.  The  "ovaries"  or  "roe"  (Fig.  99, p),  when 
distended  with  ova,  occupy  the  greater  part  of  the  ab- 
dominal cavity ;  whilst  the  male  organs,  known  as  the 
"  milt  **  or  "  soft  roe,"  occupy  a  position  similar  to  that 
of  the  ovaries  in  the  female.  The  ova  escape  from  the 
ovarium,  either  into  the  abdominal  cavity,  from  which 
they  find  their  way  into  the  external  medium  by  special 
openings  termed  "  abdominal  pores  "  (Fig.  101,  A,  jp) ; 
or  in  other  cases  the  efferent  ducts  of  the  ovaries,  known 
as  "oviducts,"  terminate  by  special  apertures  (Fig.  99,  r), 
placed  usually  in  close  promixity  to  the  anal  orifice ;  or 
lastly,  these  tubes  may  open  into  a  "  cloaca  "  or  chamber, 
common  to  the  ducts  of  the  alimentary,  generative,  and 
renal  systems.  t 

In  the  Sharks  and  their  allies,  however,  the  ova  are 
retained  within  the  body  of  the  parent  until  the  em- 
bryo is  nearly  developed  ;  the  reproduction  in  these 
forms  being  classed  under  the  "  ovo-viviparous  "  divi- 
sion of  the  process. 


CHAPTER   XXL 

CLASSIFICATION  OF  PISCES. 

The  classification  of  this  extensive  group  has,  as  might 
be  expected,  been  subject  to  great  variation ;  the 
number  of  species,  and  the  close  resemblances  existing 
between  the  various  members  of  the  group,  rendering 
the  arrangement  of  the  class  into  concise  subdivisions 
an  extremely  difficult  and  laborious  task.  According 
to  Huxley,  the  Class  Pisces  is  divisible  into  the  follow- 
ing six  orders : — 

Order  1.  Pharyngohranchiu   Ex.  Lancelet  (Amphioxus). 
Order  2.  Marsipobranchii,    Ex.  Lamprey  {Petromyzon), 
Order  3.  ElaaniohranchiL   Ex.  Shark  {Carcharias\  etc. 
Order  4.  Ganoidei.     Ex.  Sturgeon  (Accipenser), 
Order  5.  TdeosteL     Ex.  Salmon  (Salmo),  etc. 
Order  6.  Dipnoi,    Ex.  Mud-fish  (Lepidosiren). 

Order  1.  Pharyngobranchii  (Cirrostomi). — ^As  implied 
by  the  technical  name  of  this  group,  the  respiratory 
organs  exist  as  intimate  parts  of  the  pharynx — true 
branchiae  or  gills  being  absent.     The  Amphioxus  or 
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Lancelet  (Fig.  101,  A) — a  fonn,  the  anomalous  nature 
of  which  has  been  previouBljalluded  to — istheaolerepn- 
sentativec^  this  order.  The  Lancelet  ia  found  inhabiting 
the  Bandy  coasts  of  the  world  generally,  and  derives  its 
familiar  name  &om  the  lance-shaped  form  of  the  body. 


A,  Dtagnni  of  Lancelat  (jliaplhlBnij)  (alMnd  rrom  Hoils)') :  i 

glnoiu  "  drrl  ~  gnmnioding  th<  month  (t) ;  e,  pburoi,  with  bnn- 
chUl  cleTti ;  e,  IlTar;  /,  Intntlne  ;  g,  inni ;  k  I,  eJrcnUUiT  iMtcn. 
Tltli  coDtnctilc  dllatitlou ;  n  n,  Dotocbotd  :  I  I.  apLnaJ  nml ;  ^ 
"mbdomlDjilpore.''  U.LMmprej(PitfuiHyio%)^  C,  Bruithlal  uppantin 
of  LampTfy  ;  a,  carltj  of  month,  irStb  teeth  :  b,  phuTOi :  e.  opening 
dT  tube  rtoia  dorul  tuifUs  of  ths  bud  ;  il  d,  MntioiuiUon  of  phkiru 

c  e,  phirimgeiil  opcnlngi  of  gUl-iun  Ijigg);  ///,  eit«mi]  opening  of 
g!U.HCi ;  J,  ■tomuh.  (Ths  Dppar  gfll-aua  h«  ropmnted  u  birlng 
betaopciiBd)  D,  Brucbid  ippuitiu  of  Jfyiiiu;  tec,  common  n- 
iplnlory  Uilxa,  opening  by  tin  upeitniei  it  f;  Sd,  phuju  :  i  <  ii, 
phuJogMl  opanlngi  of  the  gUl-uci  -.t^t,  gUJ-uo. 

An  expansion  of  the  doisal  integument  forma  a  rudi- 
mentary dorsal  fin,  whilst  a.  caudal  fin,  of  pointed  shapo^ 
and  an  anal  fin,  are  also  present  The  paired  fiiu, 
representing  the  limbs,  are  andereloped. 
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The  endoskeleton  is  entirely  represented  by  the  per- 
sistent semi-gelatinous  "notochord"  (Fig.  101,  n  n), 
no  defined  skull,  lower  jaw,  or  ossifications  of  any  kind 
being  found  in  the  present  instance.  The  mouth  (Fig. 
101,  5)  is  represented  by  an  opening  of  longitudinal 
shape,  situated  anteriorly,  and  is  provided  with  a  num- 
ber of  cartilaginous  filaments,  termed  ''  cirri"  (a),  from 
the  presence  of  which  the  name  **  Cirrostomi,"  some- 
times applied  to  this  group,  is  derived.  The  oval 
opening  leads  into  the  greatly  developed '^  pharynx " 
(c),  and  from  the  posterior  extremity  of  the  pharynx 
the  alimentary  or  digestive  tract  is  continued — no 
dilatation  meriting  the  distinctive  name  of  stomach 
being  observed.  The  intestine  (/)  terminates  in  a 
distinct  anal  aperture,  depicted  at  g,  A  rudimentary 
liver  (a)  is  also  to  be  noticed ;  and  the  existence  of 
kidneys,  although  considered  doubtful  by  some  autho- 
rities, has,  nevertheless,  been  pretty  accurately  deter- 
mined. 

The  circulatory  system-— seen  in  the  present  instance 
in  its  most  primitive  condition  among  the  Yertebrata — 
consists  of  a  series  of  contractile  dilatations,  situated 
on  several  of  the  principal  blood-vessels  (Fig.  101,  A,  A  k). 
The  most  typical  of  these  dilatations,  and  that  which 
approaches  most  nearly  the  character  of  a  true  circula- 
tory organ,  is  situated  on  the  great  pharyngeal  vessel 
which  receives  the  venous  blood  from  the  body,  and 
distributes  it  through  the  network  of  blood-vessels  in 
which  it  is  exposed  to  the  aerating  influence  of  the 
water  admitted  to  the  pharynx  (c).    This  latter  chamber 
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consists  of  a  dilated  sac,  which  communicates  with  the 
exterior  by  the  mouth,  and  with  the  cavity  of  the 
abdomen  by  means  of  a  series  of  slits  or  clefts  in  its 
walls.  The  walls  of  the  pharynx  are  further  provided 
with  cartilaginous  filaments — the  homologues  of  the 
"  branchial  arches  "  of  higher  forms — fomiBhed  with 
delicate  vascular  fringes ;  whilst  anteriorly  the  pharynx 
is  provided  with  free  ''  vascular  lamellae/'  which,  doubt- 
less, in  some  degree  subserve  the  respiratory  process. 
The  mucous  or  lining  membrane  of  the  pharyngeal  sac 
is  richly  provided  with  vibratile  cilia,  the  function  of 
which,  in  promoting  the  free  circulation  of  water 
throughout  the  organ,  will  be  readily  understood.  Re- 
spiration is  therefore  accomplished  in  the  Lancelet  by 
the  admission  of  water  through  the  oral  opening  into 
the  "  pharyngeal "  or  "  branchial "  sac  (c) ;  the  venous 
blood  contained  in  the  vessels  of  the  pharynx  being 
thus  submitted  to  the  influence  of  the  oxygen.  The 
effete  water  of  respiration  passes  through  the  clefts  in 
the  pharyngeal  walls,  and  enters  the  abdominal  cavity, 
from  which  it  is  expelled  by  an  opening  known  as  the 
''abdominal  pore'*  (/>),  which  also  serves  as  an  aperture 
of  exit  for  the  products  of  the  generative  system. 

The  nervous  system  is  of  a  very  rudimentary  type  of 
structure,  consisting  simply  of  a  spinal  cord  (s  s\  with- 
out any  distinct  expansion  into  a  brain,  and  from  the 
anterior  extremity  of  which,  nervous  filaments  are 
given  off  to  the  region  of  the  mouth,  and  to  the  eyes, 
— which  latter  organs  are  also  of  the  most  rudimentary 
description.    An  olfactory  organ  ia  believed  to  be  repre- 
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sented  in  a  ciliated  sac,  situated  on  the  dorsal  aspect 
of  the  head. 

KepioductiTe  organs,  in  the  fonn  of  ovaria  and  testes, 
also  exist,  the  ova  escaping,  as  previoasly  mentioned, 
by  the  "  abdominal  pore  "  (p). 

Order  2.  Marsipobranchii  (Cydoatomt), — The  mem- 
bers of  the  present  group,  represented  by  the  Lampreys, 
(P€tromyzonidcB\  (Fig.  101,  B),  and  Hag-fishes  {Myxi- 
nidm\  whilst  exhibiting  a  structure  decidedly  superior 
to  that  of  the  preceding  order,  nevertheless  present 
several  important  characters,  indicative  of  their  in- 
feriority to  the  ordinary  piscine  organisation.  The 
body  is  of  elongated  shape,  the  paired  fins  being  absent 
in  this  case  also  ;  and  the  median  fins  being  repre- 
sented by  an  expansion  of  the  integument,  which  fringes 
the  dorsal  and  also  the  ventral  margin  of  the  body. 

The  "  notochord "  is  stUl  persistent,  but  a  distinct 
skull,  in  which  cartilaginous  elements  appear  to  enter, 
is  also  present  A  lower  jaw  is  undeveloped  in  this,  as 
in  the  previous  instance. 

The  mouth  exists  as  a  round  sucking-disc  (Fig.  101, 
B)  ;  the  conformation  of  the  oral  opening  in  this  order 
suggesting  the  term  Cyclostomiy  by  which  name  the 
group  is  sometimes  known.  The  mouth  is  usually 
provided  with  teeth  (Fig.  101,  C,  a),  these  organs  being 
borne  on  the  palate,  tongue,  or  upon  special  cartilages 
(labial  cartilages),  developed  in  the  neighbourhood  of 
the  lips.  The  teeth  vary  in  number,  the  dentition  of 
the  Myxine  or  Hag-fish  forming  one  of  the  most  pecu- 
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liar  features  in  its  organisatioiL  This  latter  form  pos- 
sesses a  single  recurved  tooth  of  large  size,  situated  in 
the  centre  of  the  palate;  in  the  Lamprey,  however, 
numerous  teeth  are  developed,  these  organs  being  in 
this  latter  case  borne  by  the  palate,  lips,  and  tongue. 

The  digestive  system  consists  of  a  distinct  stomach 
and  intestine  ;  the  liver  and  kidneys  being  well  deve- 
loped. 

Circulation  is  performed  by  a  distinct  heart,  formed 
on  the  ordinary  piscine  type,  and  therefore  consisting 
of  an  auricle  and  ventricle.  The  form  and  disposition 
of  the  respiratory  apparatus,  however,  exhibits,  as  in  the 
previous  instance,  a  departure  from  the  ^ical  structure 
of  those  organs  in  the  present  class,  this  peculiarly 
giving  rise  to  the  technical  designation  of  the  order. 
The  respiratory  organs  in  the  present  instance,  there- 
fore, exist  as  sac  or  pouch-like  cavities  (Fig.  101,  G 
and  D,  ggg\  developed  in  the  sides  of  the  pharynx  (d). 
These  sacs  communicate  externally  by  distinct  apertures 
{fff\  whilst  internally,  they  open,  either  directly  into 
the  pharynx  (D,  cQ,  or  indirectly,  by  a  common  respira- 
tory or  branchial  tube  (C,  <Q.  The  lining  membrane 
of  these  sacs  is  highly  vascular,  and  is  thrown  into 
numerous  ''rugas"  or  folds,  over  the  surfEU^e  of  which 
the  capillary  blood-vessels,  carrying  venous  blood,  are 
thickly  distributed. 

In  the  Lamprey,  as  depicted  in  Fig.  101,  C,  the 
gill^sacs  (p)  number  seven  on  each  side,  and  communi- 
cate externally  by  as  many  distinct  apertures  (  /*//), 
opening  on  the  sides  of  the  neck.     Water  is  admitted 
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for  the  purpose  of  respiration  by  the  external  apertures 
(//)  of  the  respiratory  sacs,  and  after  circulating  freely 
throughout  the  branchial  apparatus,  is  expelled  by  the 
same  orifices.  At  other  times  water  is  admitted  to  the 
respiratory  organs,  by  means  of  a  distinct  tube  (Fig. 
101,  C,  c),  leading  from  the  pharynx,  and  opening 
externally  on  the  dorsal  aspect  of  the  head. 

In  the  Hag-fishes  the  disposition  of  the  respiratory 
apparatus  is  essentially  similar  to  that  just  described  in 
the  case  of  the  Lampreys ;  the  external  openings  of  the 
gill-sacs  in  the  former,  however,  numbering  two  only, 
and  these  being  placed  on  the  under  surface  of  the 
bead.  As  shown  in  the  accompanying  illustration  (Fig. 
101,  D),  the  sacs  in  the  Myxine  open  into  two  common 
respiratory  tubes  (c  c),  which  terminate  in  the  two 
external  openings  figured  at/.  The  structure  of  the 
branchial  apparatus  in  these  forms  is  peculiarly  adapted 
to  suit  their  mode  of  life.  These  creatures  attach  them- 
selves by  their  sucker-like  mouths  to  fixed  objects,  and 
thus  preclude  the  admittance  of  water  to  the  branchial 
sacs  by  the  mouth,  as  in  other  fishes,  whilst,  by  means 
of  the  external  openings  of  the  respiratory  organs,  free 
communication  between  the  external  medium  and  the 
respiratory  organs  is  nevertheless  maintained. 

The  brain  evinces  a  comparatively  high  organisation, 
and  the  senses  are  also  present  in  tolerable  perfection. 
The  eyes  are  well  developed,  and  an  auditory  organ,  of 
simpler  construction  than  that  found  in  other  fishes, 
is  also  to  be  noticed.  The  tactile  sense  is,  in  all  proba- 
bility, subserved  by  the  cirrous  filaments  with  which  the 
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mouth  is  fringed.  The  disposition  and  structure  of  the 
olfactory  organs  forms  not  the  least  remarkable  feature 
in  the  organisation  of  the  present  group.  The  nostrils 
are  represented  by  a  sac,  opening  externally  by  a  single 
aperture;  and  in  the  Myodne,  as  previously  noticed, 
the  nostril  opens  posteriorly  into  the  cavity  of  the 
pharynx.  In  the  Lampreys,  and  in  all  other  fishes, 
with  the  second  exception  of  the  Lepidpsiren  or  Mud- 
fish, the  nostrils  are  closed  sacs,  which  do  not  com- 
municate  with  the  cavity  of  the  mouth. 

The  reproductive  organs  underlie  the  spinal  column, 
their  products  escaping  into  the  abdominal  cavity, 
whence  they  are  expelled  into  the  outer  world  by  an 
"  abdominal  pore." 

The  Lampreys  are  represented  by  the  Sea  Lamprey 
(Petromyzon  marintis)^  and  by  the  River  Lamprey 
[P.  fluvtatilis)f  (Fig.  101,  B).  The  former  ascends 
rivers  in  the  early  spring,  for  the  purpose  of  spawning. 
The  Hag-fish  (Myxtne  glutinosa)  derives  its  specific 
appellation,  from  the  large  quantity  of  mucus,  which, 
when  captured,  it  gives  off  from  its  skin.  It  is  com- 
monly found  inhabiting  the  bodies  of  other  Fishes,  into 
which  it  bores  its  way,  by  means  of  the  palatine  tooth 
or  fang  previously  noticed. 

Order  3.  Elasmohranchii, — The  members  of  this 
group,  which  is  typically  represented  by  the  Sharks 
and  Rays,  are  distinguished  by  the  variable  structure  of 
the  vertebral  column,  which  ranges  &om  a  mere  fibrous 
'<  notochord,"  to  a  completely  ossified  spinal  column. 


ELASMOBKANCHII.  357 

The  skull  is  csrtilt^inous,  and  a  distinct  lower  jaw  is 
present  The  integument  is  not  covered  b;  scales 
disposed  in  a  tegular  manner,  but  ia  stadded  orer  by 
bony  tubercles,  or  by  placoid  scales,  the  structure  of 
which  has  been  already  described.  True  dermal  spines 
are  also  deT«loped  in  the  present  instance  ;  these  latter 
structures  being  principally  found  in  the  neighbour- 
hood of  the  dorsal  fins.  The  "  paired  "  fins  are  invari- 
ably present.  Of  these  the  "pectoral"  fins  in  the 
Skates  and  Bays  attain  a  very  large  size,  as  compared 


Fig.  IIH.  EuuiauAircaii.  (AtttrTuiall.] 

A.  SmiU.«lHitt«d  Dog-aih  (SeyUlun  (S^wilu)  emticula),    B,  Whitg  Btuuk 

(CarcJutrtiH  vultarU),  ibowing  mouth  mod  bnnchUl  cltCtM. 

with  that  of  the  body  ;  this  feature  producing  the  flat- 
tened conformation  of  these  fishes  ;  whilst  In  all  the 
members  of  this  group,  the  "  ventral "  fins  are  "  abdo- 
minal" in  position.  The  "caudal"  fin  in  this  group 
is  usually  of  the  "  heterocercal  "  variety ;  several  species 
exhibiting  this  peculiar  conformation  of  the  tail  in  a 
very  characteristic  manner.    (Fig.  103,  A,  B.) 
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The  teeth  are  usually  very  numerous,  and  present^  in 
several  members  of  the  group,  a  highly  characteristic 
appearance.  The  intestine  is  generally  short,  but  the 
spiral  arrangement  of  the  mucous  membrane  (Fig.  99, 
B),  previously  alluded  to,  serves  materially  to  increase 
the  digestive  area  of  the  gut.  The  intestine  terminates, 
with  the  efferent  ducts  of  the  urinary  and  generative 
organs,  in  a  common  chamber  or  "  cloaca." 

The  structure  of  the  heart  in  the  Elasmobranchii 
presents  several  features  worthy  of  notice.  The  **  bulbus 
arteriosus  **  (Fig.  100,  e)  is  specially  developed ;  being 
furnished  with  striated  muscular  fibres,  and  also  pro- 
vided with  several  transverse  rows  of  valves.  The 
"  arterial  bulb,"  in  this  case,  is  therefore  **  rhythmically 
contractile,"  and  performs  the  function  of  an  additional 
chamber,  in  aiding  materially  to  propel  the  blood  into 
the  respiratory  organs. 

As  the  name  of  the  order  implies,  the  gills  exist  in 
the  foim  of  sacs  or  pouches,  containing  numerous 
tliickly-set  vascular  laminae  or  "  plates  ;"  the  gill-sacs 
opening  internally  into  the  pharynx,  and  externally,  by 
a  variable  number  of  clefts  or  fissures  situated  on  the 
sides  of  the  neck  (Fig.  102).  Water  is  admitted  by 
the  mouth,  and  gains  access  to  the  gills  through  the 
pharyngeal  clefts  ;  the  effete  water  of  respiration  being 
expelled  by  the  external  openings.  In  certain  members 
of  this  group,  typically  represented  by  the  Sharks, 
water  can  be  admitted  to  the  gills  by  means  of  two 
tubes,  which  open  on  the  upper  surface  of  the  head  by 
two  apertures,  termed  ''  spiracles  ; " '  these  tubes  lead 


ELASMOBRANGHII.  359 

directly  into  the  pharynx,  whence  the  water  gains  access 
to  the  gill-sacs. 

A  distinct  swimming  bladder  is  absent  in  the  Elcu^ 
mobranehii,  but  traces  of  a  mdimentary  and  homologous 
appendage  have  been  observed  in  certain  members  of 
the  group. 

The  nervous  system  attains,  in  this  order,  its  highest 
development  in  the  class  of  Fishes — ^the  relative  size 
and  development  of  the  brain  especially,  as  also  the 
division  into  its  various  parts,  evincing  the  superior 
organisation  of  the  nervous  system.  The  eyes,  in  some 
cases,  are  provided  with  a  "nictitating  membrane," 
similar  to  that  found  in  Birds,  whilst  the  olfactory  and 
auditory  organs  also  exhibit  an  advance  in  the  perfection 
of  those  senses,  as  observed  in  other  divisions  of  the  class. 

The  structure  and  physiology  of  their  reproductive 
system  also  exemplifies  the  superior  organisation  of  the 
ElaamobrancMi,  The  generative  organs  are  of  large 
size,  and  exhibit  a  structure  somewhat  analogous  to  that 
found  in  the  highest  Vertebrate  forms,  whilst 'the 
ventral  fins  of  the  male  are  provided  with  special 
appendages,  subserving  the  reproductive  process,  and 
to  which  the  term  "claspers"  has  been  applied.  The 
ova  are  not  so  numerous  as  those  of  other  Fishes,  the 
eggs  being  generally  enclosed  in  coriaceous  or  leathery 
capsules — ^familiarly  known  to  seaside  visitors  as  "  Mer- 
maids' purses,"  ''Sea-purses,"  and  the  like.  Certain 
members  of  the  group  appear  to  exemplify  the  ''  vivipa- 
rous "  mode  of  reproduction — the  young  being  attached 
to  the  parent  by  a  vascular  connection,  analogous  to  that 
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found  in  Mammals,  and  termed  the  ''  placenta."  Lastly, 
the  embryos  appear  to  be  famished,  in  the  majority  of 
instances,  with  external  branchio,  of  radimentary  de- 
scription, and  which  give  place,'as  development  proceeds, 
to  true  internal  gills — ^this  peculiarity  serving,  in  a  veiy 
striking  manner,  to  connect  the  Elaamobranehii  with 
the  next  or  higher  class,  that  of  the  Amphibia.  Viewed 
with  regard  to  their  palsBontology,  the  present  group  of 
Fishes  presents  several  interesting  features ;  the  order 
attaining  a  considerable  development  in  geological 
epochs.  The  early  appearances  of  these  forms  in 
Pakdozoic  strata  are  marked  by  the  presence,  in  a 
fossil  condition,  of  the  dermal  spines;  these  appendages 
being  known  to  paleontologists  as  ^*  ichthyodorulites." 

The  Elasmobranchii  are  divided  into  two  sub-orders, 
the  first  of  which — ^the  Holocephali — ^is  distinguished 
by  the  position  of  the  mouth,  which  is  situated  at  the 
extremity  of  the  head ;  and  by  the  single  gill  aperture. 
The  most  familiar  representative  jof  this  sub-order  is 
found  in  the  ChimcBra,  more  familiarly  known  as  the 
<<  King  of  the  Herrings." 

The  forms  included  in  the  second  Sub-order — Plagi- 
ostomi — are  distinguished  by  the  transverse  position  of 
the  mouth,  which  is  situated  on  the  under  surface  of 
the  head ;  and  by  the  numerous  external  gill  openings, 
which,  however,  are  not  protected  by  an  "  operculum" 
or  "gill-cover."  The  Plagioatomi  are  further  subdi- 
vided into  the  foUovring  three  sections  : — 

(a)  Cestraphari,  represented  by  the  single  genus 
Cestraeion  Philippi,  or  Port-Jackson  Shark. 
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(b)  Selachii,  represented  by  the  Sharks  and  Dog- 

fishes, of  which  examples   are  depicted  in 
Figure  102. 

(c)  Batides,  represented  by  the  Skates  and  Bays, 

(RaiidcB),  and  by  the   Sawfish  (Pristia  anti- 
quorum. 

Order  4.  Ganoidd. — This  order  of  Fishes  is  but 
sparsely  represented  by  existing  forms,  and  plentifully 
exemplified  by  extinct  and  fossil  species.  As  implied 
by  the  name  of  the  group,  the  nature  of  the  exo- 
skeleton  forms  a  characteristic  feature  of  these  Fishes, 
the  "ganoid"  variety  of  scale  being  typically  repre- 
sented in  the  present  instance.  The  character  and 
structure  of  these  scales,  having  already  been  alluded 
to,  will  not  require  further  mention.  The  endoskeletou 
in  the  present  order  varies  considerably  in  development 
throughout  the  group.  Thus,  in  the  Sturgeon  {Acci- 
penser),  (Fig.  103,  A),  as  representing  one  subdivision 
of  the  order,  the  "  notochord"  is  persistent,  and  the  skull 
cartilaginous.  Others  of  the  group,  represented  by 
Pdypterus  and  Lepidosteua  (Fig  103,  B),  have  a  fully 
ossified  spinal  column ;  the  vertebrse  in  this  latter  form, 
and  as  previously  noticed,  exhibiting  a  divergence  from 
the  typical  arrangement  of  these  structures  in  Fishes,  in 
that  they  are  "  opisthoccelous'' — ^that  is,  convex  in  front 
and  concave  posteriorly.  In  the  structure  of  the  lower 
jaw,  and  also  in  the  conformation  of  other  parts  of  the 
endoskeletou,  the  Bony  Pike  exhibits  a  near  affinity 
to  the  Amphibian  or  even  Beptilian  type  of  structure. 
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The  "pectoral"  (Fig.  103, pp)  and  "ventafal"  fins 
{v  v)  are  invariably  present ;  the  latter  members,  as  in 
the  preceding  group,  being  "  abdominal ''  in  position. 
The  fin-rays,  in  the  ^'  paired  "  fins,  spring  from  a  com- 
mon centre,  formed  by  the  endoskeleton  of  the  fin,  this 
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A,  Common  Staiigeon  (Aceiptfuer  $huio) ;  a,  anal  fin ;  c,  eandal  fin ;  d, 
dorsal  fln ;  p,  one  of  the  pectoral  flna :  «,  one  of  the  ventral  Una.  B, 
Bony  Pike  (Lepidosteus  oMeiu),  showing  "  lohate"  arrangement  of  pec- 
toral fins.  C,  PUriehtky$  MiUeH  (Old  Red  SandstoneX  showing 
greatly  developed  pectoral  Ons  (p  p), 

"  lobate"  or  "  fringed  "  appearance  of  the  "  paired"  fins 
(Fig.  103,  B,p),  forming,  according  to  some  authoiities, 
a  very  characteristic  feature  of  the  group.  The ''  dorsal" 
fin,  in  certain  instances,  is  ^*  multifid,"  that  is  divided 
into  numerous  portions,  the  anterior  margins  of  each 
fin  being  provided  with  peculiar  dermal  scales,  or  more 
commonly  spines,  to  which  the  term  **  fulcra"  is  applied. 
The  "  caudal "  fin,  whilst  presenting  in  the  minority  of 
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instances  the  "  heterocercal "  form,  is  also  in  some  cases 
"  homocercal." 

The  intestine  in  all  Ganoid  Fishes — with  the  single 
exception  of  the  Lepidosteus — ^is  provided  with  a  well- 
developed  spiral  valve,  similar  to  that  described  in  the 
case  of  the  Elasmobranchii  (Fig.  99,  B).  The  intestine, 
however,  does  not  terminate  in  a  ''cloaca,"  but  by  a 
distinct  anus  :  the  urinary  and  generative  organs  termi- 
nating  by  a  common  orifice.  The  heart  also  bears  a 
close  structural  relation  to  that  of  the  preceding  division, 
in  that  the  ''  bulbus  arteriosus"  is  contractile,  provided 
with  muscular  fibres,  and  furnished  with  several  rows 
of  transverse  valves.  Eespiration  is  performed,  as  in 
the  typical  Fishes,  by  true  branchia  or  gills,  supported 
upon  ''branchial  arches,"  and  enclosed  in  a  special 
branchial  chamber,  covered  by  an  "  operculum.''  Sup- 
plementary branchiae  are  in  some  instances  borne  by 
the  inner  surfieu^s  of  the  "  opercula,"  and  in  this  situa- 
tion "false"  or  "  pseudo-branchise,"  receiving  pure 
arterial  blood  only,  are  sometimes  also  found.  As  in 
many  Etasmobranchn,  "  spiracles,"  or  openings  of  tubes 
which  communicate  with  the  pharynx,  and  through 
which  water  can  be  admitted  to  the  gills,  are  found  on 
the  dorsal  aspect  of  the  head. 

An  air-bladder  is  present  in  all  Ganoid  Fishes,  this 
structure  usually  becoming  "  sacculated,"  or  exhibiting 
a  subdivision  internally,  into  distinct  cells.  The  swim- 
ming bladder,  in  the  present  instance,  invariably  com- 
municates with  the  oesophagus  by  a  distinct  tube,  termed 
the  "  pneumatic  duct ;"  the  homology  of  the  sacculated 
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air-bladder  with  the  lung  of  higher  forms,  and  of  the 
''paeumatic  duct"  with  the  '' trachea,*'  or  windpipe,  will 
be  at  once  apparent 

With  regard  to  the  geographical  distribution  of  the 
Ganoid  fishes,  several  interesting  features  are  recorded, 
the  chief  of  these  being  their  limitation  to  the  Northern 
Hemisphere ;  and  secondly,  their  occurrence,  in  the 
majority  of  instances,  in  fresh- water  seas  and  lakes ;  very 
few  of  these  forms  inhabiting  the  sea. 

The  order  Ganoidei  is  divided  into  two  sub-orders — 
the  Lepidoganoidei  and  Placoganoidei.  The  Lepi- 
dosteus,  or  Bony  Pike  of  North  American  lakes  (Fig. 
103,  B),  and  the  Polypterus^  of  the  African  rivers,  are 
the  most  familiar  forms  included  in  this  subdivision. 
The  endoskeleton  attains  great  perfection  in  the  present 
instance,  as  also  does  the  ''  ganoid "  covering  of  the 
body,  these  forms  being  literally  encased  in  a  bony 
armour  of  great  brilliancy.  The  "paired''  fins  are 
"  lobate,"  and  the  ''  caudal"  fin  heterocercal.  The  Dip- 
tents  macrolepidotfis  (Fig.  104),  the  remains  of  which 
are  of  frequent  occurrence  in  the  Devonian  rocks,  exem- 
plifies an  extinct  example  of  this  sub-order.  This  latter 
form  exhibited  the  ganoid  armour  in  great  perfection. 

In  the  Placoganoid  section  of  the  order,  the  develop- 
ment of  the  exoskeleton,  as  well  as  of  the  endoskeleton, 
is  not  so  perfect  or  complete  as  in  the  preceding  division. 
The  true  ganoid  ''  scales "  of  the  Lq)idoganoidei  are 
replaced  by  detached  "  plates"  of  bony  material,  irre- 
gularly disposed  over  the  body,  and  which,  in  the 
neighbourhood  of  the  head,  usually  assume  a  large  size, 
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thia  latter  feattira  being  liighly  characteriatic  of  many 
extinct  forma  also.  The  "paired"  fins  are  not  lobed, 
and  the  tail  is  generally  "  heterocercal"  (Fig.  103,  A), 

The  Sturgeons  of  14'orthem  Europe  (Sturionida) 
(Fig.  103,  A),  and  the  Paddle  Fish  {Spatularia)  of 
Xorth  American  watere,  exemplify  thia  latter  section. 

Of  extinct  Ganoid  forma  the  majority  belong  to 
thia  latter  aubdiviaion ;  and  of  theae  the  Pteriehikys 
(Fig,  103,  C),  characterised  by  the  great  development  of 
the  "  pectoral"  fins  {pp),  and  the  Cepkalaspis,  in  which 
the  head  was  covered  by  a  large  "  shield"  or  "  buckler," 
ace  probably  the  moat  familiar  f  rms      The  Gaitoi  lei 


attained  the  maximum  of  their  development  in  the 
Devonian  or  Old  Red  Sandstone  rocks  of  the  Palteozoic 
epoch;  the  term  "Age  of  Fishes"  being  applied,  on 
this  account,  to  the  period  of  palteonlotogical  time  corre- 
sponding to  the  deposition  and  formation  of  these  rocks. 

Order  5.  Tdeoslei. — Thia  order  includes  the  great 
majority  of  ordinary  Fiahes,  which,  as  implied  by  the 
term  Teleottei,  possesa  a  more  or  less  completely  ossified 
eudoskeleton.      Any  minute,  or  even  general  reference 
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to  the  special  morphology  of  the  group  will  be  onneces- 
sarj,  the  various  points  already  noticed,  when  treating 
of  the  general  stmcture  of  Fishes,  corresponding  in 
detail  to  the  conformation  of  this,  the  most  typical 
order  of  the  class. 

A  brief  resume  of  the  subdivisions  of  this  extensive 
group,  with  their  distinguishing  characters,  may  there- 
fore suffice  in  the  present  instance. 

Sub-Order  A.  Malacopteri. — Fins  complete  ;  the 
rays  "soft"  or  "jointed;"  a  swimming-bladder  present, 
and  provided  with  a  "  pneumatic  duct "  opening  into 
the  cesophagus ;  scales  "  cycloid,'*  but  in  some  cases 
"ganoid." 

Sec.  1.  Apoda,  Ventral  fins  (  £x.  Eels  (MurcBnulce). 

wanting.  (^  Electric  Eel  {Gyninotus). 

Sec.  2.  Abdominalia.  Ven-  C  Ex.  Herrings  (Clupeida), 
tral   fins  present,  J  Salmon,etc  [Salmonida;). 
these  being  "  abdo- 1  Pikes  {Esocidce), 
minal"  in  position,  t.  Carps  (Cyprinidm)^  etc 

Sub-Order  B.  Anacanthinl — Fin-rays  soft ;  "  ven- 
tral" fins  wanting,  or  if  present,  "jugular  "or  "  thoracic" 
in  position;  swimming-bladder,  when  present,  a  shut 
sac. 

Sea   1.  Apoda,    Ventral  fins  wanting.      Ex.    Sand- 
lance  (Ammodytes). 

Sec.  2.  Sub'brachiata,  (  Ex.  Cod,  Ling,  etc,  (Oadidcp), 
Ventral  fins  <       (Fig.  98.) 
present  (  Flat-fishes  (Pleuronectidee). 
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Sub-Order  C.  Acanthoptbri. — First  or  anterior 
fin-rays  of  inflexible  spiny  consistence;  "Ctenoid** 
scales ;  swimming-bladder  a  completely  closed  sac. 

Sec.  1.  Pharyngognathu     Ex.  Wrasse  [Cydolabrido}), 

o       n     ^      .X     .    .(  Ex.Perches(Pera(£cB).(Fig.97.) 
Sec.  2.  Aeanthopten  )  t.,  „  .  /,^     .,. ,  . 
_^    .  <  Mullet  {MugilidcBy 

\  Mackerel  {Scomheridm),  etc. 

Sub-Order  D.  Pleotognathi. — Bones  of  upper  jaw 
and  palate  firmly  ossified  to  skull  ]  endoskeleton  chiefly 
cartilaginous ;  yentral  fins  generally  absent ;  ganoid 
scales ;  air-bladder  closed. 

Ex.  Trunk  Fishes  {Ostraciontidcej. 
File-Fishes  (BalistidcB). 
Globe-Fishes  (Gymnodontidce). 

Sub-Order  E.  Lophobranghii. — Gills  existing  as 
tuft-like  processes  on  "  branchial  arches ;"  endoskeleton 
cartilaginous  ;  ganoid  scales  ;  swimming-bladder  closed. 
Ex.  Sea-horses  {Hippocampidoi). 
Pipe-fishes  {Syngnathidct). 

Order  6.  Dipnoi  (Protopten), — This  last  order  of 
fishes  resembles  the  first  group  of  the  class,  in  that  it 
contains  but  a  single  representative,  and  further  re- 
sembles the  Amphioxus  in  the  anomalous  nature  of  its 
position  and  relations.  The  Lepidosiren  or  Mud-fish 
(Fig.  105),  found  inhabiting  the  river  Gambia,  in 
Africa,  and  the  Amazon  in  America,  is  the  sole  example 
of  this  order,  which  may  be  said  to  occupy  somewhat 
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of  a  transitional  position,  between  the  Fishes  on  the 
one  hand,  and  Amphibia  on  the  other. 

The  piscine  characters  of  the  Lepidosiren  are  found 
in  its  fish-like  form  ;  in  the  cycloid  scales  with  which 
its  body  is  covered ;  in  the  median  fin  which  fringes 
the  posterior  extremity  of  its  body ;  and  in  the  posses- 
sion of  true  gills,  supported  on  "  branchial  arches,"  and 
contained  within  a  special "  branchial  chamber,'*  covered 
by  an  '*  operculum."  The  amphibian  charactexistics, 
on  the  contrary,  are  seen  in  the  modification   of  the 


Fig.  106.  Dipnoi. 

UpidoHrtn  anmeeUns,  or  Mnd-flsh ;  a,  modified  "  pectoral  **  Ana  ; 

d,"  ventral**  fins. 

"  pectoral "  (a)  and  "  ventral "  fins  (6),  which  exist  as 
filiform  jointed  appendages,  wanting  but  little  addi- 
tional change  to  convert  them  into  rudimentary  am- 
phibian limbs;  in  the  presence  of  lungs  formed  by  the 
subdivision  of  the  cellular  air-bladder,  which  com- 
municates with  the  pharynx  by  a  distinct  "  trachea"  or 
"  windpipe  ; "  in  the  three-chambered  condition  of  the 
heart, — this  organ  now  consisting  of  two  auricles  and  a 
ventricle;  and  lastly,  in  the  presence,  in  the  young 
condition  at  least,  of  external  branchiae  or  gills. 
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The  endoskeleton  is  imperfectly  developed,  consist- 
ing of  a  persistent  "  notochord/'  possessing,  however, 
traces  of  ossifications  in  its  sheath.  The  intestine  is 
provided  with  a  spiral  valve,  and  terminates  in  a 
''  cloaca."  The  trilocolar  condition  of  the  heart  has 
been  already  noticed ;  an  additional  auricle  (left),  to 
which  the  aerated  blood  from  the  longs  is  returned, 
being  found  in  the  present  instance.  The  nasal  sacs 
communicate  posteriorly  with  the  cavity  of  the  mouth. 

The  habits  of  these  singular  creatures  appear  to  be 
as  curious  as  their  structural  relations.  They  inhabit 
the  muddy  banks  of  rivers,  burying  themselves  in  the 
mud  during  the  dry  season,  and  passing  that  period  in 
a  state  of  torpidity ;  to  be  recalled  to  active  life  by  the 
return  of  the  heavy  and  persistent  rains  which  mark 
the  advent  of  the  wet  season. 
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CHAPTER   XXII. 

VERTEBRATA. 

Province  A. — Ichthtopsida— (Cbw^tntied). 

Class'II. — ^Amphibia. 

General  Chaxacters  of  Amphibia — Clasfldfication. 

The  tenn  AmpkihiOy  applied  to  this  class,  indicates  a 
prominent  feature  in  the  organisation  of  the  forms  in- 
cluded within  its  limits,  the  Amphibia  forming,  as  it 
were,  a  connecting  link  between  the  aquatic  and  ter- 
restrial  Yertebrata,  and  being,  accordingly,  fitted  for 
existence  in  both  elements.  Eespiration,  in  the  pre- 
sent instance,  is  performed  at  first,  and  in  the  early  life 
of  the  Amphibian,  ezclusiyely  by  gills,  but  as  the  ani- 
mal advances  towards  maturity,  the  gills  in  the  majority 
of  instances  disappear,  and  the  respiratory  process  is 
afterwards  carried  on  solely  by  lungs.  In  other  cases, 
however,  the  gills  are  retained,  lungs  being  also  deve- 
loped ;  the  co-existence  of  gills  and  lungs  being  thus 
characteristic  of  the  more  typical  of  Amphibian  forms. 
Points  of  distinction  from  the  preceding  class  are 
found  in  the  fact  that  the  **  median  "  fins  of  Amphibia 
are  in  no  case  supported  by  fin-rays,  whilst  the  limbs 
exhibit  the  same  and  typical  parts  of  the  endoskeleton 
found  in  the  higher  Yertebrata.     The  skull,  in  the  pre- 
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Bent  instance,  articulates  with  the  vertehral  column  by 
means  of  two  articular  prominences  termed  '^  condyles/' 
this  latter  characteristic  approaching  of  itself  to  the 
similar  arrangement  in  the  highest  vertebrates;  the 
Mammalian  skull  being  also  joined  to  the  spinal  column 
by  two  "condyles."  The  heart  consists  of  three 
chambers — a  yentride  and  two  auricles — another  and 
left  auricle  being  superadded  to  the  more  primitive  and 
bilocular  heart  of  the  fish. 

The  nostrils  open,  in  every  case,  posteriorly,  into  the 
phamyz  or  cavity  of  the  mouth ;  this  arrangement  con- 
trasting with  the  shut  condition  of  the  nasal  sacs  in 
the  Fishes.  Lastly,  the  members  of  the  present  group 
undergo  a  more  or  less  complete  metamorphosis  in 
their  progress  from  the  egg  to  the  mature  and  adult 
form ;  this  latter  feature  constituting  one  of  the  most 
important  diagnostic  characters  of  the  class. 

As  remarked  by  Professor  Huxley,  "  there  is  a  strik- 
ing contrast  between  the  close  affinity  of  the  Fish  and 
the  Amphibian,"  the  transition  from  class  to  class  being 
accomplished  by  a  series  of  gradual  and  transitionaiy 
stages,  each  of  which  is  typified  by  a  representative 
form.  Thus,  starting  with  the  Lepidoeiren  or  Mud- 
fish (Fig.  105),  which,  as  previously  remarked,  would 
appear  to  occupy  an  intermediate  position  between  the 
two  classes,  we  have  a  form  partaking  much  of  the 
piscine  nature,  but  exhibiting  several  very  salient 
Amphibian  features  also.  Its  form ;  the  scales  with 
which  its  body  is  covered ;  its  fins ;  and  above 
all,  its  branchiae,  contained  in  a  true  gill-chamber. 
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covered  by  an  ^operculum,"  showing  its  ondeniable 
relations  with  the  previous  class.  But  already  we  per- 
ceive Amphibian  features  beginning  to  be  apparent; 
firstly,  in  the  styliform  fins,  which  exhibit  a  tendency 
to  become  rudimentary  limbs  ;  then  in  the  ^  trilocular  " 
or  three-chambered  heart ;  and  lastly,  in  the  differentia- 
tion of  its  **  swimming-bladder  "  to  form  true  lungs ;  and 
in  other  and  peculiar  features  of  its  respiratory  system, 
which  have  been  already  remarked.  The  curious 
Axolotl  (Fig.  109,  5),  and  still  more  remarkable 
Proteus  (Fig.  109,  a)  or  Siren^  exemplify  a  further 
stage  in  the  transition.  The  life  of  these  creatures  is 
essentially  aquatic,  and,  accordingly,  we  now  find  exter- 
nal gills  persistent  through  life ;  the  lungs,  although  still 
rudimentary,  having  attained  to  a  relatively  greater  de- 
velopment than  in  the  preceding  case.  The  Frogs, 
Toads,  and  Newts,  introduce  us  to  the  final  stage  in  the 
transition,  in  which  forms  we  find  external  gills  at  first 
developed.  These  organs  next  give  place  to  internal 
branchiie,  which  latter,  as  development  proceeds  and  as 
maturity  is  attained,  wholly  disappear,  and  give  place 
to  true  lungs,  the  aquatic  larva  now  becoming  a  true  air- 
breathing  form,  and  the  change  from  an  aquatic  to  a 
terrestrial  type  of  structure  being  thus  accomplished. 

The  integument  is  generally  devoid  of  scales  or  other 
hard  appendages,  although  in  certain  cases  rudimentary 
structures  of  this*  nature  are  developed ;  these  latter, 
however,  never  attaining  the  development  observed  in 
the  preceding  or  succeeding  classea  In  most  Amphi* 
bians  the  skin  is  supplied  with  numerous' glands,  se- 
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creting  fluids  of  yariable  nature,  and  consistence  ;  and 
in  seyeral  fonns,  if  not  in  all,  the  skin  appears  to  aid 
materially  the  respiratory  or  breathing  process. 

In  form,  the  generality  of  Amphibians  are  more  or 
less  fish-like,  the  resemblance  to  the  preceding  group 
being  more  particularly  noticeable  in  their  embryonic 
condition.  In  the  higher  Amphibians  true  limbs  are 
developed,  the  body  assuming  a  more  or  less  stunted 
and  shortened  form.  The  limbs  are  entirely  wanting 
in  the  CoBciliadce ;  whilst  only  one  pair, — ^the  pectoral 
limbs, — exists  in  the  Siren, 

The  endoskeleton  (Fig.  106)  exhibits  great  diversity 
in  perfection  of  texture  and  arrangement.  In  some 
few  instances  the  vertebral  column  exists  as  a  "  noto- 
chord,''  which,  however,  exhibits  a  decided  advance  on 
the  similar  structure  of  the  preceding  division,  a  fibrous 
sheath  being  developed,  and  depositions  of  bony  mate- 
rial, representing  the  vertebral  "  centra  "  and  "  arches," 
being  also  found.  A  true  bony  skeleton,  however,  exists 
in  the  majority  of  forms,  the  vertebrse  (Fig.  106,  a  a) 
being  in  some  cases  '^amphictielous"  (Fig.  116,  A^  like 
those  of  the  fish,  but  more  commonly  ''opisthocoelous" 
(Fig.  116,  C),  that  is  convex  in  front  and  concave  pos- 
teriorly ;  whilst  in  certain  forms,  exemplified  by  the 
Anoura,  the  vertebne  are  "procoelous"  (Fig.  116,  B), 
or  concave  in  front  and  convex  posteriorly.  The  ribs 
appear  to  be,  at  most^  rudimentary  throughout  the  class ; 
in  the  higher  forms  the  place  of  these  structures  is  sup- 
plied by  the  elongated  transverse  processes  (Fig.  106,  a) 
of  the  vertebrsB.    The  skull  in  the  lower  Amphibia  is  of 


374  TERTEBKATA. 

caitUaginoua  texture,  but  in  the  higher  fonns  (Fig.  106) 
the  cranial  elemente  are  completely  ossified.  The  skull 
is  articulated  to  the  rertebral  column  hj  two  "  occipittd 
condyles,"  an  arrangement  distinguishing  the  Amphibia 
from  the  Saurnpaida,  in  which  province  only  one  "  con- 
dyle "  exists. 
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The  skeletal  elements  of  the  limbs  are,  in  the  higher 
forms,  present  in  great  perfection.  As  seen  in  the 
skeleton  of  the  Frog  (Fig.  108,  d),  a  well-developed 
"scapula"  or  " shoulder-blade,"  " coracoid  bone,"  and 
rudimentary  "  clavicle,"  are  present.  The  "  humerus  " 
(Jc)  is  also  distinct,  but  the  "  radius  "  and  "  ulna  "  an 
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anchylosed  or  ossified  together,  so  as  to  form  a  single 
l)one  (Z).  The  six  bones  of  the  "  carpus"  or  "  wrist" 
(m),  and  those  of  the  ''  metacarpus  "  and  ''  phalanges  " 
{n\  are  also  to  be  readily  recognised.  The  ''pelvic 
arch  "  is  present  in  tolerable  completeness,  and  is  com- 
posed of  the  elongated  "sacrum"  and  "pelvic  bones" 
{b  h  c).  The  "  femur"  or  "  thigh-bone  "  (e)  is  articu- 
lated to  the  posterior  extremity  of  the  "  pelvis ;"  and, 
as  in  their  prototypes  of  the  upper  Hmb,  the  "tibia 
and  fibula"  (/)  are  firmly  united  by  ossification.  The 
"  tarsal "  and  "  metatarsal "  bones  (^  A)  are  also  repre- 
sented, the  phalanges  of  the  toes  {%)  being  five  in  num- 
ber, and  elongated  to  afibrd  attachment  to  tlie  web  or 
membrane  of  the  foot.  The  digits  of  the  pectoral  limb 
{n)  are  only  four  in  number,  and  are  free  and  ununited 
by  membrane ;  the  superiority  in  size  and  length  of  the 
hinder  limbs  rendering  these  latter  members  the  chief 
agents  in  the  locomotion  of  these  creatures.  In  the 
aquatic  forms,  represented  by  the  Tritons  and  their 
allies,  the  Hmbs  are  developed  to  a  much  less  extent 
than  in  the  Frog,  the  flexible  spine  and  persistent  tail 
constituting  the  means  whereby  the  movements  of  these 
creatures  are  effected. 

The  mouth  of  Amphibians  is  generally  of  large  size, 
and  in  the  majority  of  instances  provided  with  numerous 
teeth,  which  in  general  become  ossified  to  and  united 
with  the  bones  upon  which  they  are  borne.  The  ali- 
mentary canal  is  of  veiy  simple  construction  throughout 
the  group.  In  several  forms  the  tongue  is  undeveloped ; 
in  others  it  is  fixed  to  the  floor  of  the  mouth ;  whilst 
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in  a  third  group  it  is  of  large  size,  and  capable  of  being 
protruded  to  a  great  extent  The  intestine  terminates 
with  the  efferent  ducts  of  the  urinary  and  reprodnctiTe 
organs;  in  a  common  chamber  or  "  doaca."  Salivary 
glands  are  wanting,  but  a  capacious  liver,  spleen,  and 
pancreas,  are  present  in  all. 

The  disposition  of  the  hsBmal  and  respiratory  systems 


Pig.  107.    TIDM>RT  OF  ClBOULATIOK  IV  AxraniA  ANB  RbFTTUA. 

a.  Left  anriole ;  h,  eommon  y«ntricle ;  e,  ilg^t  auricle ;  d,  tortR  etrrjing 
blood  to  the  syitem ;  «,  TeiuB  cavn,  or  great  Teine,  retnming  Tenooa 
blood  to  heart ;  f,  eyetemic  circulation ;  g,  pnlmonaiy  vein  bringing 
pure  blood  to  1^  auricle:  h,  pulmonary  artery  carrying  blood  to 
leapiratory  oigans;  k,  pulroonazy  cirenlation.  The  arrowa  indicate 
the  current  of  the  circulation.  The  purely  Tenons  blood  ia  repre- 
■ented  in  black ;  the  aiterlo-Tenooa  blood  by  the  trmmheding ;  and 
the  pure  or  arterial  blood  by  the  white. 

in  Amphibia  is  of  somewhat  complicated  nature,  since 
these  systems  vary  greatly  in  arrangement  and  function 
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at  diffeient  periods  in  the  life  of  the  animal  Typi- 
cally, the  heart  of  the  Amphibian,  and  that  of  the 
Reptile  also,  is  '' trilocular,"  or  three-chambered,  con- 
sisting of  a  ventricle  (Fig.  107,  b)  and  two  auricles 
(a  e) ;  the  separation  of  the  auricles  varying  in  com- 
pleteness throughout  the  group.  As  depicted  in  Fig. 
107,  the  right  or  "pulmonic"  auricle  (c)  receives  the 
venous  blood  from  the  body,  whilst  the  left,  or  **  sys- 
temic'' auricle  (a),  is  devoted  to  the  reception  of  pure 
or  arterial  blood  from  the  respiratory  organs  (k).  The 
blood  from  these  respective  auricles  is  poured  into  the 
common  ventricle  (6),  which  latter  chamber  thus  con- 
tains a  mixture  of  arterial  and  venous  blood.  Of  this 
impure  blood,  therefore,  part  is  sent  to  the  respiratory 
organs  (A;),  whilst  part  is  circulated  through  the  body 
(/).  This  seeming  imperfection  in  the  circulatory  pro- 
cesses of  Amphibia  and  Reptilia  may  be  accounted  for 
in  great  measure — ^firstly,  by  the  transitionary  nature 
of  these  forms,  the  Amphibian  heart  foreshadowing  the 
more  perfect  heart  of  the  Bird  and  the  Mammal ;  and, 
secondly,  by  the  sluggish  nature  of  the  majority  of 
these  creatures,  their  slow  movements  and  hybemating 
habits  rendering  imnecessary  the  more  perfect  circula- 
tion of  higher  forms. 

With  regard  to  the  respiratory  system  in  the  present 
group,  the  gills  attain  a  relatively  larger  size  in  those 
forms  (Perennibranchiaia)  in  which  gills  and  lungs  are 
co-existent;  the  latter  organs  again  being  in  those  cases 
of  very  rudimentary  structure,  existing  for  the  most  part 
as  mere  sacs,  and  differing  only  in  the  degree  to  which 
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the  perfection  of  internal  segmentation^  or  division 
into  cells,  is  carried.  In  the  true  air-breathing  forms, 
however,  in  which  the  branchise  of  early  life  give  place 
to  lungs  {Caducibranchiata),  these  latter  organs  assume 
a  more  perfect  arrangement,  the  cellular  structure 
becoming  developed,  and  the  general  morphology  of 
the  lungs  being  at  once  perfected  and  defined. 

The  actual  respiratory  process  in  the  lung-breathing 
Amphibia  is,  owing  to  the  absence  of  true  ribs,  some- 
what modified  from  the  similar  process  in  higher  forms. 
The  air  necessary  for  respiration  is  accordingly  taken 
into  the  lungs  by  a  process  more  analogous  to  degluti- 
tion or  swallowing  than  to  the  movements  of  ordinary 
respiration.  The  mouth  is  firstly  shut,  and  air  inspired 
through  the  nostrils,  which  apertures  being  in  turn 
dosed,  the  air  is  driven  into  the  lungs.  The  skin,  as 
previously  mentioned,  also  assists  in  the  respiration  of 
these  creatures. 

The  nervous  system  presents  several  striking  phases 
of  development,  which  correspond  to  the  stages  into 
which  the  early  life  of  the  typical  Amphibian  has 
been  divided,  and  which  also  bear  a  close  analogy  to 
the  nervous  development  of  other  and  lower  groups. 
Thus,  the  embiyonic  condition  of  the  Amphibian 
brain  presents  a  marked  resemblance  to  that  of  the 
fish ;  whilst  with  the  growth  and  succeeding  development 
of  the  form,  the  nervous  centres  become  better  differ- 
entiated, and  mei^  into  a  higher  type  of  organisation. 
The  brain  and  nervous  centres  of  the  lower  Amphibia, 
such  as  Proteus  and   its  allies,  exhibit  an  inferior 
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development  to  those  of  the  higher  fonns ;  and  partake 
more  of  the  characters  of  the  emhiyonic  brain  in  the 
higher  Amphibia,  or  of  the  adult  nervous  centres  in 
the  preceding  class.  The  eyes  in  the  lower  members 
of  the  group  are  rudimentary^  and  concealed  beneath 
the  integument,  as  in  the  CcsciliadcB  and  Proteus;  but 
in  the  Frogs  and  their  allies  the  eyes  are  laige,  well 
developed,  and  possess  a  '^nictitating  membrane."  The 
ears  are  in  the  Frogs  of  complicated  structure,  and 
communicate  with  the  cavity  of  the  throat  The  nasal 
cavities  in  all  cases  communicate  with  the  mouth. 

The  metamorphosis  of  the  Amphibia^  as  exemplified 
in  the  case  of  the  Frogs  and  Newts,  forms  the  last 
feature  in  the  general  organisation  of  the  group  to 
which  it  is  necessary  to  direct  attention.  Many  Am- 
phibians are  "oviparous,"  but  some  appear  to  exemplify 
the  "ovo- viviparous,"  or  even  the  "viviparous"  mode 
of  reproduction.  As  observed  in  the  Common  Frog 
{Rana  temporaria),  the  order  of  development  proceeds 
in  a  yerj  defined  order.  From  the  egg  comes  forth  a 
curious  fish-like  form,  familiarly  known  as  a  "Tadpole," 
furnished  with  a  broad  fattened  head,  and  swimming 
actively  by  means  of  the  elongated  fish-like  tail,  with 
which  it  IB  provided.  Soon  after  birth  external  gills 
(Fig.  108,  a)  begin  to  protrude  from  the  branchial 
clefts,  which  shortly,  however,  give  place  to  branchise 
situated  internally  (6),  and  supported,  as  in  Fishes, 
on  "branchial  arches,"  which  exist  to  the  number  of 
four.  The  heart,  at  the  present  stage,  moreover,  is 
essentially  that  of  the  fish,  and  consists  of  an  auricle 
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and  a  ventricle,  occupied  exclusively  in  driving  the 
blood  to  the  gills  for  aeration.  As  the  '* Tadpole'* 
increases  in  size^  the  tail  also  grows  more  elongated, 
and  the  limbs  now  begin  to  be  developed, — ^thoee  of  the 
hinder  extremity  being  the  first  to  appear  in  the  case 
of  the  Frogs  (c  d),  whilst  in  the  Newts  the  fore-limln 
are  first  developed.  After  the  development  of  the 
limbs,  the  tail  begins  to  decrease  in  size  (e),  gradually 


Fig.  108.  Hetamorphosm  or  Amphibia.    Deyelopment  of  Common 

Frog  (Rana  teniipomriay. 

a,  Toong  Tadpole,  showing  external  gilla ;  h,  ftirther  development  of  a, 
with  flsh-like  tail ;  the  external  gills  have  disappeared,  and  hare  been 
supplanted  hy  internal  branchie ;  e,  advanced  stage  of  b,  in  which  the 
hind  limbs  have  appeared ;  d,  appearance  of  the  fore-limbs ;  e,  abeorp- 
tion  of  tail,  and  assomption  of  the  matore  form  (/)l 

growing  less  and  less,  until  it  finally  disappears  (/)  ; 
the  basal  portion  of  the  ''caudal"  notochord  alone 
remaining  as  a  rudimentary  appendage  attached  to 
the  posterior  portion  of  the  spinal  column,  and  termed 
the  "  urostyle."  Lungs  have  meanwhile  been  developed, 
the  heart  receives  an  additional  auricle,  and  is  thus 
converted  into  the  Amphibian  type  of  structure ;  the 
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circulation  accordingly  alters  to  suit  the  new  mode  of 
life,  the  advent  of  which  is  marked  by  the  Frog  quitting 
the  water,  assuming  the  perfect  form,  and  thus  enter- 
ing upon  the  new  and  final  phase  of  its  existence. 

The  yarious  stages  through  which  the  Frog,  in  the 
progress  of  its  development,  passes,  exemplify  in  a  very 
remarkable  manner  the  degrees  of  perfection  observed 
in  the  morphology  of  various  members  of  the  group  to 
which  it  belongs.  The  first  stage  of  the  metamorphosis, 
in  which  the  *' Tadpole"  breathes  by  external  gills, 
corresponds  to  the  condition  of  adult  life  in  the  Proteus 
and  its  allies  (Fig.  109) ;  and  when  the  external  gills 
have  disappeared,  and  the  creature  still  retains  its  fish- 
like form,  the  mature  condition  of  the  Tritons  or  Newts 
(Fig.  110)  is  well  exemplified. 

Classification. — ^The  Class  Amphibia  is  divided 
into  four  Orders,  the  last  of  which  is  interesting  in  a 
geological  sense  only. 

Order  1.  Ophiomorpha,      £x.  Caecilia. 

Order  2.  Urodela.     Ex.  Triton,  Proteus. 

Order  3.  Anoura.     Ex.  Eana. 

Order  4.  Lahyrinthodoniia,     Ex.  Labyrinthodon. 

Order  1.  Ophiomorpha  (Gymnophiona). — ^This  order 
includes  a  few  snake-like  forms,  the  proper  place  of 
which  is  still  a  matter  of  discussion.  The  CcecUuB, 
worm-like  animals,  which  usually  attain  a  length  of 
from  one  to  two  feet,  and  which  inhabit  the  tropical 
regions  of  the  world,  typically  exemplify  this  order. 
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They  are  of  elongated  serpentine  shape,  a  ciicnmstanoe 
from  which  the  technical  name  of  the  order  is  derived, 
whilst,  from  the  ahsence  of  limbs,  the  term  ApodOy  or 
"  footless "  Amphibians,  occasionally  applied  to  this 
order,  is  obtained. 

The  skin  is  soft,  but  possesses  scales  or  other  epi- 
dermal appendages  imbedded  in  its  sabstance.  Hie 
vertebrsB  are  '' amphicoelous,"  and  the  eyes  are  snoAlI, 
and  concealed  beneath  the  integament. 

The  anal  aperture  is  placed  at  the  posterior  extremity 
of  the  body.  The  lungs  are  rudimentary,  and  the  pre- 
sence of  internal  branchisd  in  the  young  state  wotdd 
seem  sufficiently  to  indicate  their  Amphibian  nature. 
The  CoBciliadcB  inhabit  damp,  marshy  spots,  burrowing 
in  the  ground  in  search  of  grubs,  etc.,  upon  which 
they  are  supposed  to  subsist. 

Order  2.  Urodda  (IphthyomorpTia), — The  members 
of  this  group,  typically  represented  by  the  Newts 
(Tritonidce)  and  their  allies,  are  distmguished  by  the 
elongated  and  persistent  tail,  which  has  procured  for 
them  the  familiar  term  of  *'  Tailed  "  Amphibians.  The 
order  is  divided  into  two  sections,  according  as  the  gills 
of  early  life  are  retained  or  not.  In  the  first,  or  Peren-- 
nibranchicde  section,  the  external  gills  are  retained 
throughout  life,  and  of  this  group  the  Proteus  (Fig. 
109,  a),  representing  the  Proteidce,  and  the  Sirai^  repre- 
senting the  Sirenidcel  are  probably  the  most  familiar 
forms.  The  Proteus  is  only  found  inhabiting  the  waters 
of  certain  subterranean  caves  in  Central  Europe,  the 
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geographical  distribution  of  this  form  being  therefore 
of  very  limited  area.  It  averages  ftom  twelve  to  four- 
teen inches  in  length,  and  is  of  a  pale  flesh  colour, 
which  contrasts  forcibly  with  the  scarlet  colour  of  the 
external  gills  with  which  it  is  provided.  The  eyes 
are  rudimentary ;  and  the  legs  are  also  of  feeble  con- 
struction ;  the  anterior  limbs  possessing  three  digits, 
and  the  posterior  limbs  only  two. 

The  Axolotl  (JSiredon  pi8ci/orme\  (Fig.   109,  6),  by 


Fig.  109.   Pbreknibrahchiata. 

a,  Protetu  anguintu ;  &,  Axolotl  (Sirtdon  piaci/orme),  also  showing 
extenud  persistent  bmnchte  or  gills. 

some  authors  included  in  the  Sirenidce,  and  found  in- 
habiting the  Mexican  lakes,  possesses  close  structural 
relations  with  the  Proteus.  It  attains  a  length  of 
from  ten  to  fifteen  inches,  the  anterior  limbs  possess- 
ing four,  and  the  posterior  five  toes.  Whilst,  ordi- 
narily, the  Axolotl  is  to  be  considered  a  Perennihraneh- 
iaie  form,  it  is  also  known  to  shed  its  gills,  and  thus 
become  allied  to  the  Caducibranchiate  Urodela,     In 
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several  otlier,  bat  less  familial  forms  {Att^Miana 
and  Menopoma),  the  gills  disappear  when  the  adult 
Btate  is  reached,  bnt  the  branchial  apertores  neTcr 
become  obliterated. 

The  Menobranehut,  an  inhabitant  of  the  ITorth 
American  lakes,  possesses  persistent  branchiie,  and  n- 
sembles  the  Axolotl  in  most  particulars. 

The  Sirenidae,  forming  the  remaining  division  of 
the  PerennibrajKhiate  Amphibians,  includes  the  vari- 
ous species  of  Siren,  the  most  familiar  of  which  is 
the  Sirtn  laeertina,  or  "  Mud-eel,"  of  the  Carolina 
rice  swamps.  This  form  possesses  only  the  anterior 
limbs,  which  are  each  furnished  with  four  toes. 

The  CadueibroTtehiala,  comprise  those  Urodela,  in 
which  the  gills  disappear  when  the  perfect  form  ia 


Smooth  Kewt  (LIhMtUdii  fwndoIuiX  one  it  Us  TriloiMa  ai  Tritou. 

assumed.  Of  this  section,  the  Salamandrida,  repre- 
sented hy  the  Land  Newts,  and  the  TrUontdee,  repre- 
sented by  the  Water  Newts  or  Tritons,  are  typical 
examples.    The  legs  are  always  four  in  number,  and 
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exhibit  a  more  perfect  development  than  in  the  pre- 
ceding section. 

The  Land  Newts,  or  SalanuxnderSy  are  lizard-like  in 
form,  possessing  a  rounded  tail ;  they  are  also  ''  vivi- 
parous/' bringing  forth  their  young  alive.  The  Water 
Newts  {TritofddGe)y  (Fig.  110)  are  distinguished  from 
their  terrestrial  neighbours  by  the  compressed  and 
fish-like  form  of  the  tail,  which  is  furnished  with  a 
vertical  crest  or  fin,  aiding  the  creature  in  swimming. 
Of  this  family,  the  Smooth  Newt  {Lissotritan  punc- 
tattis)y  (Fig.  110),  a  familiar  inhabitant  of  our  ponds  and 
ditches,  may  be  selected  as  a  typical  representative. 
The  young  in  the  Tritonidce  are  produced  from  eggs,  the 
Tritons  being  thus  "  oviparous."  Their  metamorphosis 
essentially  resembles  that  of  the  Frogs,  the  material 
points  of  difference  being  the  prior  development  of  the 
fore  limbs  in  the  Newts,  as  also  the  persistent  nature 
of  the  embryonic  taiL 

Orders.  Anoura  {Batrachia). — The  various  kinds 
of  Frogs  and  Toads  represent  this  order,  which  is 
roughly  distinguished  by  the  abortive  nature  of  the 
tail  in  the  adult  forms,  a  circumstance  from  which 
the  technical  name  of  the  group  has  been  derived. 
The  only  remaining  general  feature  which  may  be 
noticed  as  characterising  the  '^  Tail-less"  Amphibia,  is 
the  presence  of  gills  in  the  larval  or  embryonic  form  ; 
these  structures  giving  place  to  true  lungs,  the  re- 
spiration in  the  perfect  animal  being  thus  purely 
aerial. 

2o 
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The  hind-limbs  (Fig.  106)  are  developed  to  a  much 
greater  extent  than  the  anterior  members,  the  five 
digits  of  the  posterior  limbs  being  webbed  for  swimming. 
From  the  many  marks  of  organisation,  superior  to  that 
observed  in  the  preceding  groups,  the  Anoura  must  be 
accounted  the  highest  of  Amphibian  forms. 

The  order  admits  of  division  into  three  families. 
Of  these  the  PtpidcR  are  represented  by  the  Surinam 
Toad  {Pipa  Americana),  in  which  form  neither  teeth 
nor  tongue  exist  The  Bufonidob  are  exemplified  by 
the  Toads,  in  which  a  tongue  is  present^  this  oigan 
being  attached  in  front  to  the  symphysis  of  the  jaw, 
and  capable  of  being  protruded  from  the  mouth.  Teeth 
are  absent  in  the  Bufonidoe  also.  The  Banidce  or  Frogs 
form  the  third  and  remaining  group,  and  of  these,  the 
Common  Frog  (Bana  temporaria),  and  the  Tree-Frogs 
{Hylides\  are  typical  representativea  The  upper  jaw  in 
the  RanidcB  is  provided  with  teeth ;  and  a  tongue,  similar 
in  conformation  to  that  of  the  Toads,  is  also  present. 
The  Tree-Frogs  possess  sucker-like  dilatations  on  the 
extremities  of  the  toes,  these  structures  enabling  them 
to  climb  trees  with  great  facility.  These  latter  forms 
ore  inhabitants  of  tropical  climates,  but  their  geogra- 
phical distribution  extends  to  Europe  also. 

Although  it  is  well  ascertained  that  Frogs  and  Toads 
can  live  for  considerable  periods  without  food,  and  with 
but  a  limited  supply  of  air,  the  oft-repeated  stories  of 
these  animals  being  found  enclosed  in  apparently 
solid  blocks  of  stone,  and  exhibiting  on  removal  every 
appearance    of  life   and    activity,   are   not   on   that 
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accoant  to  be  credited  or  believed.  Drs.  Buckland, 
Edwards,  and  others,  performed  many  series  of  experi- 
ments, with  a  view  to  ascertain  the  exact  duration  of  life 
in  these  creatures  when  placed  in  circumstances  of  such 
adverse  character  as  commonly  described ;  and  it  was 
found  that  few  of  the  specimens  experimented  upon 
lived  over  the  first  year,  and  that  none  survived  the 
second  year  of  their  imprisonment.  In  addition  to 
this  positive  evidence,  and  with  our  knowledge  of  the 
tenacity  of  life  in  these  creatures,  we  must  also  take 
into  important  account  the  fact  that  these  reports  and 
stories  generally  take  their  origin  from  the  credulous 
and  uneducated.  And  even  where  instances  meriting 
investigation  have  occurred,  no  scientific  observer  has 
been  present  to  notify  the  details,  the  necessary  de- 
struction of  the  habitat  preventing  the  observation  of 
any  channel  whereby  moisture  or  even  nourishment 
could  have  penetrated  to  the  imprisoned  animaL  Add 
to  these,  the  possibility  of  the  young  larva  gaining  ac- 
cess to  the  hole,  and  becoming  there  developed  into  the 
perfect  animal,  the  increased  bulk  of  the  latter  prevent- 
ing its  exit  by  the  aperture  of  entrance,  and  we  have 
the  necessary  elements  for  the  solution  of  what  might 
otherwise,  and  justly,  be  considered  a  most  inexplicable 
series  of  phenomena. 

Order  4.  Labyrintkodontia, — ^This  order  is  interest- 
ing only  from  a  palasontological  point  of  view.  It  is 
typically  represented  by  the  Labyrint?iodon,  an  extinct 
form,  of  gigantic  dimensions,  which  departed  from  the 


388  VEBTEBBATA. 

Amphibian  characteriBtics  in  that  the  ventral  surfiaGe  of 
its  body  was  protected  by  an  armour-casing  of  dermal 
plates,  whilst  the  head  appears  to  have  been  similarly 
protected.  The  technical  name  of  the  group  is  derived 
from  the  complex  or  "labyrinthine''  structure  of  the 
teeth. 

The  LabyrinthodofUia^  as  real  and  entire  organisms, 
were  for  a  considerable  period  unknown,  their  homo- 
logies with  the  present  group  being  traced  solely  from 
their  footprints,  which  were  at  first  known  as  those  of 
the  " CJieirotherium**  or  ''hand-beast ; "  the  discovery 
of  distinct  Lahyrinthodont  remains  rendering  the  origin 
of  these  markings  at  once  apparent. 

The  Lahyrinthodontia  occur  as  characteristic  fossils 
in  the  Trias  rocks,  of  the  Mesozoic  or  ''  Middle-life " 
epoch  of  palaaontologists. 


CHAPTER  XXIII. 

v£utbbrata« 

Province  B. — Sauropsida. 

Class  IIL — Reptilia. 

General  Characters  of  Sauropsida — General  Qiaracters  and 

Structure  of  Reptilia. 

The  Sauropsida^  forming  the  second  of  the  great 
Vertebrate  Provinces,  include  the  two  classes  Reptilia 
or  Reptiles,  and  Aves  or  Birds.  Dissimilar  as  these 
two  groups  of  animals  would  appear  to  be  when  viewed 
from  an  ordinary  aspect,  there  nevertheless  exist  be- 
tween them  structural  and  developmental  relations  of 
the  closest  and  most  intimate  kind ;  a  careful  considera- 
tion of  the  homologies  of  these  classes  inducing  their 
arrangement  under  the  common  Province  before  us. 

The  first  distinctive  character  of  the  Sauropsida,  or, 
in  other  words,  the  first  point  of  agreement  between 
Birds  and  Reptiles,  consists  in  the  total  absence  of 
branchiffi  or  gills,  these  structures  being  present  at  no 
period  of  Sauropsidan  existence ;  and  the  respiration 
being  purely  aerial,  and  carried  on  exclusively  by  lungs. 
In  accordance  with  this  important  feature  in  the  economy 
of  the  province,  it  will  be  seen  that  we  now  enter  upon 
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that  section  of  the  Y ertebrata  known  in  the  older  systems 
of  classification  as  the  Ahranchiata,  As  in  the  preced- 
ing province  the  blood-corpuscles  are  nucleated  (Fig. 
94,  £),  and  the  skull  articulates  with  the  vertebral 
column  by  means  of  one  occipital  articulating  process  or 
"  condyle." 

The  structure  of  the  lower  jaw  in  the  Sauropsida 
affords  an  additional  and  important  diagnostic  feature  of 
the  group.  In  the  Mammalia  the  lower  jaw  consists 
of  two  halves,  or  "  rami,"  as  they  are  technically  termed, 
each  "  ramus  "  consisting  of  a  single  piece  ;  but  in  the 
Sauropsida,  each  half  of  the  lower  jaw  is  composed  of 
various  pieces,  the  bone  being  thus  of  a  compound 
nature.  Further,  the  Mammalian  lower  jaw  articulates 
directly,  and  of  itself,  with  the  skull,  whilst  in  the 
Sauropsida,  the  lower  jaw  articulates  with  the  cranium 
by  means  of  a  distinct  and  special  bone,  termed  the 
" OS  quadratum  "  or  "quadrate  bone,"  (Fig.  113,  A,  g). 

Lastly,  the  presence  in  the  Sauropsida  of  the  em- 
bryonic structures  known  as  the  "  amnion  "  and  "  allan- 
tois,"  the  existence  of  which  structures  was  considered 
doubtful  in  the  Ichthyopsida,  constitutes  another,  but 
purely  technical  feature  of  the  higher  provinces  of  the 
Yertebrata.  The  "  amnion  "  forms  one  of  the  true  em- 
bryonic appendages  of  the  "foetus"  or  young  animal ; 
it  more  or  less  completely  invests  the  body  of  the 
embryo  whilst  undergoing  development,  and  is  thrown 
off  at  birth.  The  "  allantois  "  is  more  intimately  con- 
nected with  embryonic  life,  and  appears  to  subserve 
wholly,  or  in  greater  part,  the  nutritive,  but  especially 
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the  respiratory  processes  of  the  embryo.  After  birth 
part  of  the  "  allantois"  is  also  thrown  off  or  exuviated, 
but  part  appears  to  be  retained  within  the  body  of  the 
young  auimal  to  form  the  urinary  bladder. 

The  special  distinctive  features  of  the  ^lass  RepHlia 
consist  in  the  low  temperature  of  the  blood,  these 
creatures  being  familiarly  classed  among  the  "cold- 
blooded "  Vertebrata ;  in  the  "  trilocular "  or  three- 
chambered  condition  of  the  heart ;  in  the  closed  condi- 
tion of  the  lungs  as  compared  with  those  organs  in 
Birds  j  in  the  character  of  the  body-covering,  this  con- 
sisting in  the  present  instance  of  homy  plates  or 
"  scales '"  and  lastly,  in  certain  peculiarities  of  the 
skeleton,  to  which  attention  will  be  more  appropriately 
directed  hereafter. 

The  ReptUia  are  generally  of  elongated  form ;  the 
Chdonia,  however,  represented  by  the  Turtles  and 
Tortoises,  form  an  exception  to  this  rule,  the  body  in 
this  latter  instance  being  oval  or  quadrate  in  form. 
The  exoskeleton  varies  in  development  throughout  the 
group  ;  in  some  few  forms  the  integument  is  naked, 
and  destitute  of  any  hard  covering,  but  in  the  majority 
of  instances  homy  plates,  or  scales,  of  osseous  develop- 
ments known  as  ''  scutes,"  are  found.  In  the  Snakes, 
OS  typifying  the  Squamate  or  scale-covered  Keptilia, 
the  exoskeleton  consists  of  scales,  which  overlap  each 
other  in  a  manner  similar  to  that  observed  in  Fishes ; 
whilst  in  the  Loricate  Reptilia,  of  which  the  Tortoises, 
Crocodiles,  and  allied  forms  offer  typical  examples,  bony 
plates  or  ''.scutes"  are  found,  these  structures  being 
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usually  connected  in  a  moie  or  less  intimate  manner 
with  the  endoskeleton. 

The  endoskeleton  is  now  of  very  complete  construc- 
tion, being  composed  in  every  case  of  true  osseous  tissue, 
and  not  exhibiting  the  variations  in  texture  character- 
istic of  the  previous  groups.  The  vertebral  column 
varies  greatly  in  length,  and  also  differs  in  the  mode  of 
articulation  of  the  vertebrae  with  each  other.  In  some 
forms  the '' amphiccelous"  or  ''bi-concave"  arrangement 
of  the  vertebral  bodies  (Fig.  116,  A),  typically  seen  in 
fishes  (Fig.  97,  B),  is  found ;  in  others  the  vertebrae  are 
*' opisthocoelous "  (Fig.  116,  C),  whilst  in  others  the 
'' procoelous "  arrangement  (Fig.  116,  B)  is  present 
In  some  instances  the  vertebral  column  of  a  single 
form  may  itself  exhibit  these  various  modes  of  articu- 
lation. Thus,  in  the  Green  Turtle  (Chdone  midas),  the 
third  cervical  vertebra  is  ''  opisthocodous ;"  the  fourth 
exhibits  a  bi-convex  arrangement;  and  the  fifth  is  ^'pro- 
coelous."  Bibs  are  present  in  great  perfection  through- 
out the  group,  although  it  must  be  borne  in  mind  that 
these  organs  are  subject  to  great  modificationa  True 
'*  sternal "  ribs,  attached  to  and  arising  from  the  breast- 
bone, are  present  in  the  most  typical  forms,  whilst  the 
sacrum  may  also  bear  **  sacral "  ribs. 

The  skuU  is  composed  of  distinct  cranial  bones,  in- 
timately connected  to  each  other  by  ossification,  but  the 
great  bulk  of  the  cranium  consists  of  the  jaws,  the  dis- 
position and  relations  of  which  form  interesting  and 
important  features  in  the  economy  of  the  class.  The 
upper  jaw  is  generally  fixed  to  the  cranium,  but  in 
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some  cases  is  connected  to  the  skull  by  ligamentons 
tissue  only.  The  lower  jaw  in  all  Eeptilia  exhibits  a 
compound  arrangement,  each  half  or  "  ramus  "  consist- 
ing of  a  variable  number  of  pieces^  more  or  less  firmly 
united  together.  The  ''  rami "  of  the  jaw  are  in  tuni 
usually  connected  together  by  ligamentous  or  muscular 
attachments ;  this  arrangement  permitting  of  that  dis- 
tension of  the  jaws  necessary,  as  in  the  Snakes,  for  the 
reception  of  prey  or  food  of  large  bulk.  In  certain 
forms,  however,  exemplified  by  the  Tortoises,  the  rami 
of  the  lower  jaw  are  firmly  united  by  bony  or  osseous 
union,  the  point  of  union  being  technically  known  as  a 
^*  suture."  The  lower  jaw  is  articulated  to  the  skull  by 
means  of  a  special  bone,  the  ''os  quadratum,"  or 
*'  quadrate  bone"  (Fig.  113,  A,  ^),  an  arrahgement  ad- 
mitting of  the  opening  of  the  mouth  to  a  very  wide 
extent. 

The  limbs  are  most  highly  developed  in  the  Croco- 
diles, Turtles,  and  allied  genera,  but  even  in  those 
higher  members  of  the  class,  the  limbs  are  of  compara- 
tively feeble  and  weak  construction.  In  the  Ophidia 
or  Snakes,  no  trace  of  anterior  extremities  is  found, 
whilst  the  pelvis  generally,  and  hind  limbs  rarely,  are 
represented  by  rudimentary  structures. 

Teeth  are  very  generally  present  in  the  Eeptilia,  al- 
though in  the  Chdonia  these  organs  are  wanting,  the 
jaws  being  encased  in  homy  sheaths.  When  present, 
the  teeth  are  usually  numerous ;  and,  save  in  the  Oroco- 
dUidj  are  not  lodged  in  distinct  ''  alveoli "  or  sockets. 
Functionally  regarded,  the  teeth  of  Eeptiles  bear  little 
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or  no  part  as  true  masticatory,  organs,  but  serve  on  the 
contrary  for  the  purpose  of  prehension,  or  for  retaining 
the  prey  in  the  mouth,  during  the  process  of  deghitition. 
A  distinct  tongue  is  usually  present, — this  organ  in 
many  cases  being  highly  protrusible,  and  sometimes 
bifid  or  cleft  at  its  free  extremity.  The  oesophagus  is& 
generally  exceedingly  distensible,  and  the  intestine  ter- 
minates throughout  the  group  in  a  ''  cloaca,"  in  common 
vith  the  ducts  of  the  urinary  and  generative  systems. 
Salivary  glands  are  present  in  some  instances,  whilst  a 
liver,  spleen,  pancreas,  and  kidneys,  are  well  developed 
throughout  the  group. 

The  disposition  of  the  typical  Eeptilian  circulation  is 
essentially  similar  to  that  already  described  in  the  case 
of  the  Amphibia  (Fig.  107),  the  chief  distinctive 
feature  of  which  consisted  in  the  mixing  of  arterial 
and  venous  blood  in  the  common  ventricle  ;  the  blood 
being  thus  circulated  throughout  the  body  in  an  arterio- 
venous condition.  In  the  Crocodiles,  however,  an  ad- 
ditional ventricle  is  found, — the  heart  in  these  forms 
being  of  perfect  structure,  and  consisting  of  four  cham- 
bers. The  circulation  of  the  blood,  however,  in  the 
Crocodilian  is  similar  to  that  carried  on  in  all  other 
Reptiles ;  the  arterial  and  venous  blood  in  this  case 
being  mixed  external  to  the  heart  itself,  and  in  the 
great  blood-vessels,  instead  of  in  the  single  ventricle  of 
ordinary  Eeptilian  forms. 

Bespiration  is  now  performed  entirely  by  lungs,  which 
vary  in  size,  and  in  perfection  of  structure  throughout 
the  class.     The  thorax  is  not  partitioned  off  from  the 


NERVOUS  SYSTEM  OF  REPTILIA.  395 

abdominal  cavity  as  in  the  Mammalia^  by  a  "  dia- 
phragm "  or  "  midriff"  (Fig.  92,  ji*),  and  the  lungs,  con- 
sequently, occupy  the  greater  part  of  the  abdominal  as 
well  as  of  the  thoracic  cavity.  In  the  Snakes  typically, 
and  in  other  members  of  the  class,  only  one  lung  is 
developed  to  the  full  extent ;  the  other  lung — usually 
the  left— being  rudimentary,  and  not  in  any  way  sub- 
serving  the  respiratory  process.  In  the  Chelonia^  the 
lungs  reach  their  most  perfect  development,  and  closely 
resemble  in  all  essential  points,  their  homologues  in  the 
higher  forms.  The  air  necessary  for  respiration  is  in- 
haled into  the  lungs  as  in  Amphibia,  by  a  process 
analogous  to  deglutition  or  swallowing,  although  in 
some  instances  the  muscular  arrangements  of  the 
pharynx  aid  materially  the  respiratory  function. 

In  the  character  and  disposition  of  their  nervous 
system,  Eeptiles  bear  a  close  resemblance  to  the  Am- 
phibia; the  cerebral  hemispheres  and  true  brain,  present- 
ing, however,  a  marked  advance  on  those  of  the  preced- 
ing class.  The  eyes  are  small,  and  in  general  furnished 
with  eyelids.  In  those  genera,  typically  represented  by 
the  Snakes,  in  which  no  eyelids  are  ordinarily  said  to 
exist,  homologous  structures  are  developed ;  the  so- 
called  "  antocular  membrane "  being  in  reality  formed 
by  the  general  epidermis  or  outer  skin^  rendered  trans- 
parent, and  otherwise  fitted  to  perform  the  functions 
of  true  eyelids.  In  most  instances,  a  ''nictitating 
membrane,"  or  "  third  eyelid,"  to  be  more  particularly 
referred  to  in  Birds,  also  exists. 

Organs  of  hearing  are  present  in  all,  but  only  in  the 


396  VEBTEBRATA. 

Croeodilia  is  an  external  ear  present ;  this  latter  stnic- 
tore  being,  at  best,  of  rudimentary  construction. 
The  nasal  cavities  in  all  open  posteriorly  into  the 
mouth. 

Although  Beptiles  are  essentiallj  ''  oviparous  "  ani- 
mals, many  members  of  this  group  exemplify  the  "  ovo> 
viviparous  "  mode  of  reproduction.  In  their  develop- 
ment, the  Beptilia  exhibit  a  close  resemblance  to  the 
next  and  higher  class,  with  which,  in  many  points  of 
structure,  they  are,  as  previously  noticed,  closely  allied. 
The  presence  of  an  *'  amnion  *'  and  "^  allantois  "  in  the 
embryo,  also  aifords  a  distinctive  feature  of  great  value 
in  the  differentiation  of  the  reproductive  process  in 
these  and  allied  forms. 


CHAPTER    XXIV. 

Classification — Orders  of  Reptilia. 

Classification. — The  Reptilia,  according  to  the  most 
recent  system  of  classification,  are  divided  into  nine 
orders,  five  of  which,  being  represented  by  extinct  forms 
only,  will  require  but  limited  notice  in  the  present 
instance. 

Order  1.  Chelonia.     Ex.  Turtles,  etc. 

Order  2.  Ophidia,    Ex.  Snakes. 

Order  3.  Lacertilia.    Ex.  Lizards. 

Order  4.  Crocodilia,    Ex.  Crocodiles. 

Order  1.  Chdonia, — ^The  Ghelonian  Reptiles,  repre- 
sented by  Tortoises  and  Turtles,  form  a  group  separated 
&om  the  other  divisions  of  the  class  by  several  well- 
marked  characteristics.  The  most  obvious  and  striking 
of  these  features  is  found  in  the  special  development  of 
the  exoskeleton,  which,  together  with  certain  portions 
of  the  endoskeleton,  forms  a  more  or  less  perfect  bony 
''  case,"  in  which  the  body  of  the  animal  is  enclosed, 
and  to  the  structure  of  which  it  is  necessary  to  direct 
particular  attention. 

The  '' thoracico-abdominal  case"  so  formed  consists 
primarily  of  an  upper  or  dorsal  convex  shield,  termed 
the  '^ carapace  "  (Figs.  Ill  and  112),  and  of  a  lower  or 
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ventral  plute,  known  as  the  "  plastron."  The  "  cara- 
pace "  and  "  plastron  "  are  united  along  their  margins, 
except  at  the  anterior  and  posterior  edges,  at  which 


points  the  edges  are  free  and  ununited,  to  allow  of  the 
protrusion  of  the  head  and  anterior  members,  and  of 
the  poeterior  members  and  tail. 
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The  "  carapace  "  is  formed  chiefly  by  the  eight  pairs 
of  ribs  (Fig.  Ill,  j<?  j?  3),  which  are  greatly  developed, 
to  form  broad  flattened  pUtea  ("  costal  plates"),  united 
to  their  neigbbouTs  of  each  side  by  their  edgea,  and 
attached  in  the  middle  line  to  the  expanded  spinous 
or  nearal  processes  of  the  dorsal  vertebne  (Fig.  112,  s' 


*       Fig,  lis.  MoBPBOLOOT  ( 
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to  3^).  The  dorsal  vertebrse  (Fig.  Ill,  c)  are  thus  im- 
movably ossified  together,  their  expanded  spinous 
processes  being  known  as  "  median"  or  "  neural"  plates 
{Fig,  112,  a*  to  «").  The  carapace  is  further  covered 
by  a  series  of  flat  homy  plates  {Fig.    113,  r'  to  r*), 
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whicli  properly  belong  to  the  exoskeleton ;  these  dermal 
plates  being  more  especiaUy  developed  on  the  edges  of 
the  carapace,  in  which  situation  they  are  known  as 
<< marginal  plates"  (Fig.  Ill,  w  w,  and  Fig.  112,  m^  to 
m^^).  By  some  authorities,  however,  the  marginal  plates 
are  regarded  as  modified  parts  of  the  endoskeleton ; 
these  structures,  in  this  view,  being  considered  the' 
homologues  of  the  sternal  ribs  of  other  Eeptiles,  or 
of  Birds. 

Eegarding  the  composition  of  the  ''plastron*'  or 
ventral  shield,  authorities  are  by  no  means  well  agreed; 
their  opinions  differing  widely  as  to  the  relations  and 
homologies  of  the  various  structures  entering  into  its 
composition.  This  ventral  shield  is  generally  flat^  and 
would  appear  to  consist  of  the  elements  of  the  sternum 
or  breast-bone.  It  is  composed  of  nine  plates,  ossified 
together,  and  united  to  the  carapace  by  the  "  marginal " 
plates  previously  mentioned.  In  common  with  the  "cara- 
pace," the  plastron  is  usually  covered  by  a  coriaceous 
or  leathery  membrane,  or  more  generally  by  a  series  of 
epidermic  plates  (Fig.  112),  those  plates  covering  the 
carapace  in  certain  species  forming  the  ''tortoise- 
shell"  of  commerce.  In  viewing  the  "  plastron"  of  the 
Cflielonia,  as  formed  by  the  sternum  or  breast-bone,  the 
views  of  Professor  Owen  have  been  adopted,  but  it  is 
also  necessary  to  mention  that  by  Huxley,  and  other 
authorities,  the  plastron  is  considered  as  "  wholly  com- 
posed of  membrane  bones,"  which  therefore  bear  no  re- 
lation to  the  endoskeleton,  but  fall  to  be  regarded  as 
parts  of  the  exoskeleton  and  integumentaiy  system. 
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The  existence  of  a  sternum  in  Chelonian  Beptiles  is 
therefore  denied  by  the  last-mentioned  author. 

Anteriorly,  the  skull  (Fig.  Ill,  a\  supported  on 
movable  cervical  vertebrae  (Fig.  Ill,  h\  is  seen,  the 
various  pieces  of  the  lovrer  jaw  in  the  Ghdonia  being 
firmly  ossified  together,  and  the  compound  character  of 
the  Eeptilian  jaw  being  masked  by  this  circumstance. 
The  two  "  rami,"  or  halves  of  the  lower  jaw,  are  in  the 
present  instance  also  firmly  united  by  bony  union. 
The  jaws  throughout  the  group  are  destitute  of  teeth, 
but  are  enclosed  in  homy  sheaths,  thus  resembling  the 
conformation  of  these  structures  in  the  succeeding  class 
of  Birda  As  already  noticed,  the  dorsal  vertebrss  (Fig. 
Ill,  e)  are  firmly  ossified  together,  and  assist  in  the 
formation  of  the  carapace.  The  caudal  vertebras  (Fig. 
Ill,/),  like  their  prototypes  of  the  cervical  region,  are 
flexible. 

In  the  disposition  of  the  ''  scapular  "  and  ''  pelvic  " 
arches,  the  Clidonia  exhibit  a  somewhat  anomalous 
arrangement,  in  that  the  bones  of  the  shoulder-girdle 
(Fig.  Ill,  /{,  t),  and  of  the  pelvis  (o),  are  situated  within 
the  thorax,  and  thus  enclosed  by  the  ribs  {g  g  g)',  the 
ordinary  and  usual  position  of  these  bones  being  exter- 
nal to  the  skeleton  of  the  trunk  (Fig.  91).  The  scapula 
(h)  is  readily  recognised,  and  a  coracoid  bone  (t)  is  also 
present.  The  clavicle  by  some  authors  is  considered  to 
be  wanting  throughout  the  group,  whilst  other  opinions 
regard  it  as  present.  The  pelvic  arch  (o)  consists  of 
the  typical  bones,  and  the  skeleton  of  the  limbs  (Fig. 
Ill)  also  exhibits  the  various  elements  in  great  perfec- 

2d 


402  VERTEBRATA. 

tion.  The  digits  may  either  be  free,  and  provided  with 
short  claws  (Fig.  Ill),  or,  as  in  the  case  of  the  Turtles, 
they  may  be  enclosed  in  a  membrane  to  form  natatoty 
or  swimming  paddlea 

The  habits  of  the  Chelonia  are  eminently  inactive, 
many  species  passing  the  colder  months  of  the  year  in 
a  state  of  torpidity.  They  are,  however,  for  the  most 
part,  exceedingly  tenadous  of  life,  instances  being 
familiar,  where  Turtles  have  exhibited  signs  of  vitality 
for  several  days  after  decapitation. 

The  Chelonia  may  be  conveniently  divided  by  their 
structure  and  habits  into  three  sections.  The  first  of 
these  includes  those  forms  which  are  adapted  for  a 
terrestrial  existence,  and  in  which  the  feet  are  provided 
with  short  blunt  claws.  The  Tortoises  {Testudmeti^ 
represent  this  group,  which  is  further  recognised  by 
the  convex  character  of  the  carapace,  and  by  the  power 
of  retracting  the  head,  limbs,  and  tail,  wholly  within 
the  carapace.  Of  this  section,  the  common  European 
Tortoise  {Tedudo  GrcBca)  is  a  sufficiently  familiar  ex- 
ample. The  second  section  includes  the  Biver  and 
Marsh  Tortoises  (Emydea),  and  the  Mud  or  Soft  Tortoises 
{Trionychoidea).  These  forms  are  distinguished  by  the 
more  or  less  imperfect  development  of  the  carapace, 
and  by  the  partially-webbed  nature  of  the  feet ;  a  feature 
indicative  of  the  amphibious  habits  of  the  group. 

The  third  group,  that  of  the  Eureia  or  Turtles,  is 
distinguished  by  the  webbed  feet,  the  digits  being  com* 
pletely  united  by  integument.  The  anterior  limbs  are 
of  greater  relative  length  than  the  posterior,  and  the 
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Lead  and  limbs  are  incapable  of  being  retracted  within 
the  carapace,  which  latter  stracture  varies  in  composi- 
tion throughout  the  group.  The  Green  Turtle  (Clielone 
midaa),  and  the  Hawk's-bill  Turtle  {Chdone  imbricata), 
are  the  two  most  familiar  forms  included  in  this  section. 
From  the  epidermic  plates  of  the  latter  form  the  "  tor- 
toise-shell "  of  commerce  is  derived.  The  Loggerhead 
Turtle  {C.  caretta)^  and  the  Leathery  Turtle  (Sphargis 
coruicea)y  distinguished  by  the  coriaceous  nature  of  the 
integument,  are  also  well-known  members  of  the 
group. 

The  geological  relations  of  the  Chelonia  exhibit  a 
few  very  interesting  features.  Traces  of  these  Beptiles 
occur  in  the  Palaeozoic  period ;  and  in  the  Triassic  rocks 
of  Lidia,  the  remains  of  a  gigantic  fossil  form,  allied  to 
the  Tortoises,  and  appropriately  named  the  Colossoehelys 
Atlas,  have  been  found. 

Order  2,  Ophidia, — This  order  includes  the  nume- 
rous genera  of  Snakes  and  Serpents,  in  which  the  form 
is  of  characteristically  elongated  shape.  The  chief 
structural  features  of  the  Ophidia  are  found  in  the  non- 
development  of  any  osseous  exoskeleton,  the  body 
being  covered  by  homy  scales ;  in  the  "  procoelous " 
character  of  the  dorsal  vertebrsd;  in  the  complete 
absence  of  a  sternum  or  breast-bone  ;  of  a  pectoral  arch 
and  anterior  limbs  ;  and  in  the  nearly  general  absence 
of  hind  limbs,  which  exist  in  a  few  species  only,  and  at 
the  most  in  a  rudimentary  condition. 

The  integument  is  covered  by  homy  "scutes"  or 
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scales,  the  diversities  presented  by  these  appendages 
forming  characters  of  no  mean  value  in  certain  systems 
of  classification  of  this  extensive  group.  The  epidermis 
or  outer  skin  in  the  Ophidia  is  periodicaUj  cast  off, 
the  exuviated  skin,  in  some  cases,  presenting  a  toler- 
ably perfect  mould  or  cast  of  the  animal's  body.  This 
peculiar  process,  analogous  to  the  so-called  "moult- 
ing "  of  other  animals,  appears  to  take  place  at  various 
periods  in  the  course  of  the  year. 

The  vertebrse,  as  might  be  expected,  are  exceedingly 
numerous,  and  typically  present  the  "  proccelous  '*  ar- 
rangement (Fig.  116,  B)  of  their  bodies.  The  vertebrae 
give  off  short  transverse  processes,  with  which  the  ribs 
articulate.  These  latter  structures  are  not  attached  in- 
feriorly  to  a  sternum;  a  true  breast-bone,  as  already 
noticed,  being  absent  throughout  the  group.  The  ex- 
tremities of  the  ribs  are  thus  free,  and  terminate  in 
cartilaginous  pieces,  which  in  turn  are  imbedded  in 
the  muscular  attachments  of  the  large  abdominal 
scales.  By  means  of  this  arrangement  the  ribs  become 
in  a  great  degree  subservient  to  the  locomotion  of 
these  creatures;  their  bodies  being  supported,  and 
the  animal  thus  moving,  upon  the  extremities  of  the 
ribs. 

The  skull  exhibits  certain  features  highly  character- 
istic of  the  group.  The  more  special  of  these  features 
are  found  in  the  intimate  structure  and  relations  of  the 
lower  jaw,  and  in  the  disposition  of  the  teeth.  Thus, 
primarily,  the  compound  "  rami  '*  or  halves  of  the  lower 
jaw  (Fig.  113,  A,  e  a)  are  not  ossified  together  as  in 
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the  Chelonian  Reptiles,  but  are,  on  the  contrary,  exceed- 
ingly loosely  articulated  together;  the  rami  being 
united  by  muscular  or  ligamentous  attachments  of  great 
elasticity,  and  which  consequently  admit  of  great  lateral 
distension  of  the  jaw.  Secondly,  the  ''  quadrate  bone  " 
(Fig.  113,  A,  g) — ^by  means  of  which  the  lower  jaw  in 
the  Sauropsida  is  articulated  to  the  cranium, — is  con- 
nected with  the  temporal  bone,  which  in  this  case  \b 
exceedingly  mobile ;  the  entire  maxillary  apparatus  in 
the  Ophidia  being  thus  less  intimately  connected  than 
in  other  Vertebrates  with  the  other  parts  of  the  skulL 
The  mouth  of  these  Eeptiles  is  therefore  capable  of 
very  great  distension,  admitting  of  the  reception  of 
prey,  and  objects  of  very  large  bulk. 

In  the  disposition  of  their  dental  apparatus,  the 
Ophidia  also  exhibit  certain  peculiarities.  The  teeth 
are  generally  of  small  size,  and  are  not  confined  to  the 
jaw-bones  themselves,  but  may  be  borne  upon  the 
palatine  and  other  bones,  which  form  or  bound  the  oral 
cavity.  The  teeth  are  not  lodged  in  sockets,  but 
become  firmly  united  by  ossification  to  the  surface  of 
the  bones  upon  which  they  are  borne,  and,  as  in  Fishes, 
they  are  replaced  by  a  fresh  set  when  worn  or  injured. 
Functionally  regarded,  the  teeth  of  Ophidia  are  useless 
as  masticatory  organs,  their  sole  function  being  the 
prehension  and  retention  of  prey,  a  duty  for  which,  by 
their  number,  situation,  and  recurved  form,  they  are 
eminently  adapted. 

Several  modes  of  Ophidian  classification  have  been 
founded  on  the  relative  number  and  position  of  the 
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teeth,  tiiese  oigaiu  ezliibitiiig  carbdn  well-marked 
difierencBB  in  confonnation  throughout  the  gtoap. 
Thus,  in  the  true  non-Tauomooa  makes  (Fig.  113,  A), 
the  teeth  are  of  solid  coustruction,  and  are  bome  by 
both  uppei  and  lower  jaws.  In  the  tjpicollj  poisoDons 
snakes  (Viperina),  on  the  other  hand,  the  tipper  majdl- 
lary,  or  jaw-bones,  are  destitute  of  ordinal;  teeth,  bnt 
bear  a  pair  of  elongated,  curved,  and  "  canaliculated" 


Fig.  lis.  OraiDU. 
A,  Skull  of  Bot.  a  a,  franUl  boon  ;  b,  puietal  bonet ;  1 1.  Dual  boax : 
d,  upper  J*w.  or  mullUrT  Iwnea :  i  r.  hiUvM  of  tba  lomr  >«,  or 
inftrlor  miTHIity  bon* ;  /  /,  mutold  bone ;  t,  «  qiudntnm.  B, 
UluHtlon  of  Bud  oF  Battleiuk*  (Cnloliu},  ibowlDg  polm-eluid 
(DuTAnioj).  a,  poiaon-gUnd ;  b,  polion'fuigi ;  c.  ucnturr  duct,  or 
cuul  of  poLKm-gUnd ;  if,  miuciilir  capsule  of  glud,  fortovd  bjr  tho 
uUrlor  temponl  luuHla ;  t;  mEHeter  nuicte  :  1 1.  uUmr  gUndi. 

or  hollow  fangs  (Fig.  113,  B,  &),  capable  of  being  erected 
or  depressed  at  the  will  of  tiie  animal  Each  fang  is  per- 
forated by  a  canal  or  duct  (c),  opening  eztemall;  at  the 
apex  or  point  of  the  iang,  and  communicating  internally 
with  the  poison -gland  (a),  sitnated  in  the  posterior 
region  of  the  head,  and  under  the  eyes.  This  gland  ia 
invested  by  a  strong  muscular  capsule  (d),  formed  by  a 
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diverticulum  of  the  temporal  muscle,  the  contraction  of 
this  capsule  compressing  the  gland,  and  thus  forcing  the 
poison-fluid  through  the  canal,  into  the  &ng,  and  thence 
into  the  wound  caused  by  the  bite  of  the  snake.  The 
lower  jaw  and  palatine  bones  in  these  Snakes  are  plenti- 
fully furnished  with  ordinary  teeth,  as  in  the  case  of  the 
non-yenomous  forms ;  whilst  in  the  typically  poison- 
ous species,  a  number  of  rudimentary  teeth  are  also 
found  situated  behind  the  poison-fangs,  which  they  are 
intended  to  replace  in  event  ef  injury.  Such  is  the 
disposition  of  the  dental  apparatus  in  those  Snakes, 
which,  in  the.  present  system  of  classification,  are 
regarded  as  the  typically  venomous  species.  It  must, 
however,  be  clearly  borne  in  mind,  that  in  certain 
poisonous  snakes,  included  in  the  second  or  Colubrine 
sub-order  of  the  class,  the  upper  jaws  bear  poison- 
fieaigs,  which,  however,  are  incapable  of  being  erected 
or  depressed  as  in  the  former  group ;  and  further,  that 
ordinary  and  solid  teeth  are  situated  posterior  to  those 
fangs.  In  another  group  of  the  Colubrine  Snakes, 
termed  by  some  authors  Suspecta^  and  in  which,  as 
implied  by  the  name,  the  existence  of  a  poison-appa- 
ratus has  not  been  fully  ascertained,  true  solid  teeth  are 
found,  situated  in  front  of  or  anterior  to  the  fangs,  which 
in  the  Sitspecta  are  situated  far  back  on  the  upper  jaw. 
In  accordance  with  these  peculiarities,  the  order,  as 
will  be  presently  noticed,  has  been  divided  into  subordi- 
nate divisions. 

No  trace  of  anterior  limbs  exists  in  any  Ophidian; 
but  in  a  few  genera,  typically  represented  by  the  Boas, 
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rudimentary  pelvic  bones  are  present  In  the  genus 
TortriXf  allied  to  the  Boas,  abortive  hind-limbs  are 
present,  in  addition  to  the  rudiments  of  a  pelvis. 

The  tongue  is  generally  bifid,  or  deft  at  its  free  ex- 
tremity, and  capable  of  being  protruded  and  retracted 
at  will.  Eespiration  is  carried  on  by  a  single  lung,  the 
left  lung  being  usually  abortive,  or  of  rudimentary 
construction.  This  unsymmetrical  development  of  the 
respiratory  organs  appears  to  be  repeated  throughout 
the  paired  viscera  generally ;  this  feature  being  by  some 
authorities  regarded  as  highly  characteristic  of  these 
forms. 

The  senses  are  present  in  tolerable  perfection.  The 
eye  is  destitute  of  true  eyelids,  but  is  protected  by  an 
^'antocular  membrane,"  similar  to  that  alluded  to  in 
the  ease  of  the  Amphibia. 

The  order  Ophidia  is  divided  into  two  sub-orders, 
known  respectively  as  the  Viperina  and  Cclubrina, 
The  characteristics  of  these  two  groups,  in  so  fSax  at 
least  as  the  disposition  of  their  dental  apparatus  is  con- 
cerned, has  been  already  noticed,  but  the  diagnostic 
features  of  these  sub-orders  may,  for  the  sake  of  clearness, 
be  repeated  in  the  present  instance.  The  (a)  Viperina^ 
represented  by  the  Vipers  (  VipericUe)  and  Eattlesnakes 
(Crotaltd(B)f  (Fig.  113,  B),  are  distinguished  by  the  pre- 
sence of  ''canaliculated"  poison-fangs,  and  by  the  ab- 
sence of  ordinary  teeth  in  the  upper  jaw,  the  lower 
jaw  bearing  ordinary  teeth.  The  head  in  the  Viperine 
Snakes  is  of  relatively  larger  size,  of  triangular  shape, 
and  covered  by  small  scales.    The  Common  Viper  {Pdicts 
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berua)  is  a  sufficiently  familiar  British  Eeptile,  abonnd- 
ing  in  heaths  and  woody  districts,  and  usually  measuring 
from  eighteen  to  twenty  inches  in  length.  The  Battle- 
snakes  derive  their  scientific,  and  also  their  common- 
place name  from  the  peculiar  arrangement  of  the  ter- 
minal segments  of  the  tail  These  consist  of  a  number 
of  homy  rings,  loosely  articulated  together,  and  which 
produce  a  curious  rattling  noise  on  the  slightest  motion 
of  the  animal. 

The  (b)  Oolubrina  are  distinguished  by  the  possession 
of  solid  teeth  in  both  jaws ;  "  canaliculated  fangs  "  being 
present  in  the  upper  jaw  in  some  instances  also.  The 
"  fangs "  of  the  Oolubrine  Snakes  are  further,  as  pre- 
viously mentioned,  not  erectile,  but  are  immovably  fixed 
to  the  jaw.  The  head  in  this  sub-order  is  supported 
on  a  distinct  "neck,"  and  the  head-scales  are  of  the 
larger  variety,  termed  "scuta." 

The  Colubrine  Snakes  are  divided  into  three  sections. 
Of  these  the  (a)  Innociuif  or  Harmless  Snakes,  are 
represented  by  the  Common  British  Snake  (Coluber 
nairix) ;  by  the  Black  Snake  of  America  (Coluber  con- 
strietor) ;  and  by  the  Boas  and  Pythons  (Boidce),  (Fig. 
113,  A),  of  tropical  climates.  The  Innoctia  are  dis- 
tinguished by  the  non-possession  of  "canaliculated" 
fangs.  The  (b)  Suspeetct,  forming  the  second  section, 
are  represented  by  certain  aquatic  forms,  in  which 
canaliculated  fangs  are  borne  far  back  on  the  upper 
jaw,  solid  teeth  being  also  situated  in  front  of  the 
f&ngs.  The  family  Homalopsidce  includes  the  most 
familiar  of  these  forms. 
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The  (c)  Venenosa  include  several  of  the  most  veno- 
moos  of  Snakes,  and  are  distinguished  by  the  possession 
of  ''  canaliculated  "  fangs  in  the  upper  jaw,  with  solid 
teeth  situated  behind  these  oi^gans.  Of  this  latter 
group  the  Cobra  di  Capello,  or  Hooded  Snake  of  India, 
(Naja  tripudians),  and  iheHydropkidcBOiWaXGt  Snakes, 
are  representative  forms. 

The  HydrqphidoB  exist  in  the  Indian  and  Pacific 
Oceans,  and  swim  with  great  ease  by  means  of  the  tail, 
which  is  compressed  from  side  to  side,  so  as  to  form  an 
efficient  natatory  organ. 

Order  3.  Lacertilia, — ^The  members  of  this  group, 
familiarly  know^i  as  Lizards,  are  distinguished  by  the 
more  or  less  complete  development  of  the  Umbs,  which, 
in  the  great  majority  of  instances,  exist  to  the  number 
of  two  pairs.  In  a  few  forms,  however,  the  limbs  may 
be  absent,  but  in  any  case,  the  constant  presence  of  a 
scapular,  and  generally  of  a  pelvic  arch  also,  forms  a 
diagnostic  feature  of  the  present  group,  as  compared 
with  the  Ophidia.  The  exoskeleton,  whilst  not  ex- 
hibiting the  characteristic  appearances  found  in  other 
Eeptilia,  is  yet  developed  to  a  certain  and  appreciable 
extent,  homy  scales  being  very  generally  present  in 
Lacertilian  forms. 

The  relations  of  the  lower  jaw  form,  as  in  other 
Eeptilia,  valuable  distinctive  features  of  the  order. 
The  "  rami"  of  the  lower  jaw  in  the  Lacertilia  are,  in 
the  majority  of  instances,  firmly  united  by  ossification, 
this    mode   of  articulation  alone  forming  a   striking 
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contrast  to  the  analogous  azrangement  in  the  Ophidia. 
The  teeth,  which  are  not  confined  to  the  jaw-bones  in 
their  disposition,  exhibit  variations  in  form,  adapting 
them  to  the  particular  food  on  which  their  possessors 
subsist  As  in  the  previous  orders  of  Reptiles,  they 
are  not  lodged  in  ''alveoli"  or  sockets,  but  become 
united  by  ossification  to  the  bones  on  which  they  are 
borne,  whilst  they  may  be  replaced  when  worn  or 
injured  by  a  new  series. 

The  vertebral  bodies  exhibit  for  the  most  part  the 
"  proccelous"  mode  of  articulation,  although,  in  certain 
cases,  the  '' amphiccelous "  arrangement  may  also  be 
observed.  In  the  typical  LacertUian  forms,  a  well- 
developed  sternum  is  present^  this  structure  bearing 
'*  sternal "  ribs. 

The  structure  of  the  tongue  has  been  made  use  of  in 
furnishing  certain  diagnostic  characters  of  the  various 
members  of  this  group ;  this  organ  exhibiting  great 
variations  in  form  and  appearance,  In  many  cases  it 
ia  elongated,  bifid,  and  may  be  furnished  with  a  homy 
sheath,  from  which  it  can  be  protruded,  and  into 
which  it  can  be  retracted  at  will  (Fig.  115).  Those 
Lacertilians  exhibiting  this  style  of  lingual  structure 
have  accordingly  been  classified  as  the  FissUinguia  or 
''  deft-tongued  '*  lizards.  In  other  members  of  the 
group  the  tongue  approaches  to  the  ordinary  type  of 
structure,  being  thick  and  fleshy,  and  protrusible  to  a 
limited  extent  only.  The  forms  possessing  this  latter 
conformation  are  occasionally  known  as  the  BreviUn- 
guiUj  or  ''short-tongued"  Lizards. 
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The  eyes  are  usually  provided  with  eyelids  of  the 
ordinaiy  structure,  the  ^'  antocular  membrane,"  charac- 
teristic  of  preceding  groups,  being  almost  wholly  want- 
ing in  the  Lacertilia.  An  external  ear  is  very  generally 
present. 

Of  the  numerous  fiEimilies  included  in  this  order, 
the  (a)  Typhlopidm  and  (b)  AmphisboBnidoB  approach 
most  nearly  to  the  Ophidian  type  of  structure.  These 
groups  are  collectively  distinguished  by  their  snake- 
like form,  and  by  the  imbricated  scales  with  which  the 
body  is  covered.  The  Amphiahcmidce  are  represented 
by  the  genus  Ckirotes,  inhabiting  Mexico,  and  in  which 
rudimentary  anterior  limbs,  furnished  each  with  five 
digits,  are  found. 

The  (c)  ScirundoB  include,  amongst  other  and  nume- 
rous forms,  the  so-called  "  Slow- worms,"  of  which  the 
common  British  Slow-worm  (Anguis  fragUis)  is  a 
familiar  example.  As  in  the  preceding  groups,  the  Slow- 
worm  exhibits  a  serpentiform  appearance,  the  limbs 
being  entirely  wanting,  but  the  scapular  and  pelvic 
arches  being  present.  The  Skink  (Scincus  offieinalui), 
inhabiting  Africa,  and  in  former  days  famed  for  re- 
puted medicinal  properties,  introduces  us  to  the  true 
Lizards,  in  which  the  limbs  are  developed,  and  the 
Lacertilian  characteristics  sufficiently  apparent  and 
perceptible.  The  (d)  LacertidcBy  forming  perhaps  the 
most  typical  family  of  the  order,  are  represented  by 
numerous  forms,  of  which  the  Common  Sand  lizard 
(Laeerta  agilis),  the  Scaly  Lizard  {Zootoca  vivipara\ 
and  the  Green  Lizard  (L.  Viridis),  are  familiar  Euro- 
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pean  species.  The  Ameividce,  representing  the  New 
World  members  pf  this  family,  are  represented  by  the 
well-known  Teguexin  (Teius  Tegu&cin)  of  tropical 
America.  The  (e)  VaratiidcB  or  Monitors,  inhabiting 
Egypt,  attain  a  comparatively  large  size ;  they  derive 
their  familiar  name  from  the  sibillant  or  whistling 
noise  with  which  they  are  supposed  to  indicate  the 
presence  of  their  more  formidable  Crocodilian  neigh- 
bours. The  (£)  Geckotidce  or  Geckos,  found  very  gene- 
rally distributed  over  the  tropical  regions  of  the  world, 
form  a  very  typical  family,  distinguished  by  the  posses- 
sion of  an  "  antocular  membrane,''  and  by  the  sucker- 
like structure  of  the  toes,  which  enables  these  Lizards 
to  move  on  perpendicular  surfaces  with  great  ease  and 
facility. 

The  (g)  Iguanidce,  represented  by  the  Iguanas  of 
the  New  World,  are  also  familiar  forms.  Included  in 
this  group  we  find  the  Draco  volana,  or  Flying  Dragon 
of  the  Eastern  Archipelago  (Fig.  114),  which  serves  by 
its  anomalous  structure  to  connect  certain  extinct  and 
aberrant  Reptilian  forms  with  those  of  the  present  day. 
The  familiar  name  of  this  creature  is  derived  from  its 
habit  of  making  short  aerial  flights,  or  leaps,  from  tree 
to  tree.  These  movements  are  executed  by  the  aid  of 
broad  lateral  expansions  of  the  integument  (Fig.  114, 
b  b),  supported  by  eight  pairs  of  false  ribs ;  the  entire 
structure  thus  forming  a  kind  of  parachute,  which 
serves  to  buoy  the  creature  in  its  flying  leaps.  The 
fossil  form  known  as  the  Pterodactyl  (Fig.  118),  and  to 
which  reference  will  be  more  fully  made  hereafter, 
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appears  to  possess  aoalt^as  relations  witli  this  carious 
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Tht  FlTing  Llnrd  (Dnuo  soiaiu),  ihoirlDg  tlu  Itjiiig  inembniiM  [ft  i},  and 
moKalu  (ppantu  tor  Tolding  the  nma  (a  aX 

The  (h)  ChanKeteontida  or  Cbameleons  form  the 
concluding  fnmily  of  this  extensive  order,  to  which 
attention  may,  in  the  present  instance,  be  directed. 
These  forms,  inhabiting  the  Old  World  ezdasively, 
have  long  formed  objects  of  interest  and  curiosity. 
The  Btnictnre  of  the  tongae  (Fig.  116),  and  the  pro- 
perty hy  means  of  which  the  changes  in  colour  are 
effected,  form  the  two  chief  points  of  interest  in  the  eco- 
nomy of  these  creatures.    The  tongue  of  the  Chameleon 


CLASSIFICATION   OP  lACERTILIA.  415 

(Fig.  115)  cousUte  of  a  hollow  mnscular  tube  (a), 
capable  of  great  and  rapid  extension,  bearing  a  bulbous 
portion  (fe),  which  in  turn  is  terminated  by  the  true 
prehensile  apparatus  [e  d).  By  means  of  thia  compli- 
cated arrangement,  and  aided  also  by  the  viscid  secretion 
with  which  the  bulbous  terminal  portion  is  covered, 
the  Chameleon  can  lie  concealed  amid  the  branches  of 
trees,  and  capture  the  insects  on  which  it  subsists  with 
great  facility.    The  power  of  changing  the  colour  of 
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a,  TabuUr  portion  ot  tongtie  ;  b,  bDlbom  eitmnlty  of  tongno : 
t,  d,  preheiiaU«  tppuatus. 

of  its  akin  has,  by  aid  of  the  vivid  imagination  of 
travellers,  been  much  exaggerated,  although  it  has  been 
well  ascertained  that  the  Chameleon  undoubtedly  pos- 
aeasea  the  power  of  altering  its  hue  in  some  d^ree. 
This  is  effected  by  means  of  ao  arrangement  analogous 
to  that  already  described  in  the  case  of  the  Cephalopoda, 
namely,  by  the  presence,  under  the  superficial  and 
transparent  epidermis,  of  "  chromatophora,"  or  colour- 
eells,  by  the  extension  or  depression  of  which,  the 
changes  of  hue  are  effected. 

In  the  Chameleons  the  eyes  are  completely  covered 
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by  circular  lids,  through  a  small  elliptical  aperture  in 
which  the  pupil  of  the  eye  is  seen. 

Order  4.  Crocodilia.  —  The  Crocodiles,  forming  the 
last  and  highest  order  of  the  present  class,  are  distin- 
guished from  other  Eeptilian  forms  by  several  yeiy 
distinct  and  special  characteristics,  these  features  being 
found  in  certain  peculiarities  of  the  osseous,  digestive, 
circulatory^  and  nervous  systems.  The  exoskeleton  is 
very  perfectly  developed,  and  consists  of  bony  "  scutes  " 
or  plates,  developed  in  the  dermis  or  true  skin ;  the 
''  scutes''  being  in  turn  covered  by  epidermic  scales  of 
homy  consistence,  similar  to  those  found  in  other 
Keptilia.  This  exoskeleton,  in  its  most  complete  form, 
as  exemplified  by  the  Caimans^  is  disposed  to  form 
dorsal  and  ventral  shields,  which  effectually  protect 
the  body  and  taiL  The  individual  "  scutes  "  of  each 
row  are  firmly  ossified  to  each  other,  whilst  the  rows 
of  plates  thus  formed  overlap  the  under  rows  in  an 
imbricated  manner.  The  exoskeleton  of  the  Crocodilia 
thus  bears  some  analogy  to  that  of  the  CheUmiaj 
although  the  endoskeleton,  in  the  present  instance,  does 
not  enter  into  the  same  intimate  relations  with  the 
exoskeleton,  as  in  Chdonian  forms. 

The  endoskeleton  exhibits  a  very  high  and  perfect 
type  of  organisation ;  and,  in  accordance  with  the  mode 
of  articulation  between  the  vertebral  bodies,  the  Oro- 
codilia  have  been  conveniently  divided  into  three 
groups.  All  living  Crocodiles  exemplify  the  "  procoBlous** 
arrangement  (Fig.  116,  B)  of  the  vertebral  bodies — that 
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is,  the  yertebrae  are  concave  anteriorly  and  convex  pos- 
teriorly; a  second  type,  represented  solely  by  extinct 
forms,  exhibited  the  "  opisthoccelous  "  mode  of  articula- 
tion (Fig.  116,  C),  the  concavity  being  in  this  case 
posterior,  whilst  the  vertebral  bodies  were  convex 
anteriorly ;  and  a  third  type,  or  sub-order,  exemplified 
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Fig.  116.  Diagram  or  Vertebbal  Articulatiomb. 

The  head  of  the  animal  la  suppoaed  to  be  turned  towarda  the  left  hand 

aide  of  the  illustitition. 

A,  **  AmphUxdmu  "  Vertebra*,  showing  the  bi-concave  arrangement  of  the 

vertebral  bodiea  ;  a,  intervertebral  substance ;  \  hsemal  apinea  ;  n, 
nearal  spines  ;  1,  2,  8,  4,  bodiea  of  Vertebra. 

B,  "  ProeoBloiis  "  Vertebne,  ahowing  the  concave  anterior  and  convex  poa- 

terior  surface. 

C,  "OpistAoocBlotu'' Vertebree,  showing  the  convex  anterior  and  concave 

posterior  suifiice. 

the  "  amphicoelous,"  or  bi-concave  arrangement  (Fig. 
116,  A), — the  vertebral  bodies  being,  in  this  latter  case, 
hollow  or  concave  at  each  end,  and  thus  resembling 
the  arrangement  so  characteristic  of  the  Fishes.  In 
other  words,  the  "procoelous"  and  "opisthoccelous " 
modes  of  articulation  are  essentially  ''  ball  and  socket " 
joints  ;  the  "  ball"  of  each  vertebral  joint  being  situated 
behind  in  the  "  procoelous  "  vertebrae,  and  in  front  or 
anteriorly  in  the  "  opisthoccelous  "  forms. 

The  various  regions  of  the  vertebral  column  are  well 
marked,  and  the  ribs  are  numerous ;  these  structures 

2b 
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being  borne  by  the  cervical,  dorsal,  and  sacral  yertebrse, 
and  also  by  the  stemmn  or  breast-bone.  ''False"  or 
"  abdominal "  ribs  are  also  deyeloped,  these  stractnres 
lying  imbedded  in  the  muscular  tissues  of  the  ventral 
or  lower  surface  of  the  abdomen.  The  bones  of  the 
scapular  and  pelvic  arches,  and  those  of  the  limbs^  are 
severally  represented,  but  a  clavicle  is  wanting  through- 
out the  group.  The  fore-limbs  possess  five  digits,  and 
the  hind- limbs  only  four ;  the  toes  are  frequently  more 


Fig.  117.  CnooODiuA. 

Teeth  of  the  Gaml ;  a,  ftdly  formed  tooth  ;  h,  young  tooth  penetrmting  the 
interior  of  the  existing  tooth  (a) ;  e,  young  tooth  germ  b^inning  to  he 
developed. 

or  less  completely  united  by  a  membrane,  thus  adapting 
the  feet  for  swimming.  The  limbs  in  the  CracodiUa 
are  of  comparatively  feeble  construction,  the  gait  of 
these  animals  on  land  being  exceedingly  awkward  and 
clumsy,  although  their  movements  in  the  water  are 
characterised  by  great  activity. 

The  jaws  are  prominent  and  elongated,  and  are  pro- 
vided with  a  single  row  of  teeth,  which,  unlike  those 
of  other  Eeptilia,  are  lodged  in  distinct  sockets.  Kew 
teeth  are  continually  developed  in  the  Crocodilia,  the 
new  tooth  (Fig.  1 17,  &)  being  formed  within  the  interior 
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or  "pulp-cavity"  of  the  organ  (a)  it  is  intended  to  re- 
place. The  halves  of  the  lower  jaw  are  firmly  united 
together  by  ossification  or  "suture." 

The  tongue  is  firmly  attached  to  the  floor  of  the 
mouth,  and  is  thus  non-protrusible,  a  feature  essentially 
different  from  the  disposition  of  that  organ  in  other 
Eeptiles.  The  lungs  are  confined  to  the  thoracic  cavity, 
and  a  rudimentary  diaphragm,  separating  the  thorax 
from  the  abdomen,  is  pvesent 

The  principal  structural  feature,  however,  which 
places  the  Crocodilia  in  advance  of  other  Eeptiles,  is 
the  comparative  homological  perfection  of  the  heart ; 
this  oigan,  in  the  Crocodilia^  consisting  of  four  cham- 
bers, and  the  common  ventricle  of  other  forms  being 
now  divided  into  two  ventricles.  The  heart  of  the 
Crocodilia,  therefore,  consists  of  the  same  structural 
parts  as  that  of  the  Bird  or  Mammal — namely,  of  two 
auricles  and  two  ventricles.  Functionally,  however, 
and  as  previously  remarked,  the  heart  and  circulation 
correspond  to  the  ordinary  EeptiHan  type,  in  that  the 
pure  or  arterial  blood  from  the  lungs,  and  the  venous 
blood  from  the  body,  are  mixed  in  the  great  blood- 
vessels in  the  neighbourhood  of  the  heart,  instead  of 
in  the  ventricle  itself^  as  in  all  other  Eeptiles.  The 
arterio-venous  circulation  of  the  Snake,  Turtle,  or 
lizard,  as  exemplified  in  Fig.  107,  therefore  still  pre- 
vails in  Crocodilian  forms. 

The  eyelids  are  of  the  ordinary  type  of  structure, 
and  the  ear  is  also  protected  by  a  valvular  membrane. 
The  external  nostril  is  single,  and  is  also  provided  with 
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a  valve.  The  nasal  passages  open  far  back  in  the 
pharynx,  and  are  thus  shut  off  from  the  cavity  of  the 
mouth  proper  by  osseous  plates,  derived  from  the  jaw 
and  palatine  bones. 

The  Crocodilia  are  strictly  oviparous  in  their  habits, 
the  eggs  being  deposited  in  sand,  and  hatched  by 
the  heat  of  the  sun.  The  geological  relations  of  the 
Crocodilia  are  bound  up  in  the  most  intimate  manner 
with  the  classification  of  the  group;  which,  as  pre- 
viously observed,  is  divided  into  three  sub-orders,  the 
first  of  these  alone  being  represented  by  living  forms. 

The  (a)  Procodia  include  all  the  living  Crocodilia, 
which  are  distinguished  by  the  "  procoelous  "  character 
of  the  dorsal  vertebrse.  This  order  is  represented  in 
the  several  regions  of  the  world  by  three  well-marked 
species.  The  Nilotic  Crocodile  (Crocodilus  Nilotictts\ 
found  in  the  African  rivers,  represents  the  true  Croco- 
diles, the  distinguishing  features  of  this  form  being 
found  in  the  fact,  that  the  "  fourth  tooth  in  the  lower 
jaw  is  received  into  a  notch  excavated  in  the  side  of  the 
alveolar  border  of  the  upper  jaw,  and  is  visible  exter- 
nally when  the  mouth  is  closed"  (Owen).  The  Gavial 
{Gavicdis  Gangetica),  found  exclusively  in  Indian  rivers, 
is  distinguished  by  the  elongated  jaws,  which  terminate 
in  a  snout,  bearing  the  nostrils  at  its  extremity.  The 
teeth  in  the  Gavial  "  are  nearly  equal  in  size,  and 
similar  in  form  in  both  jaws ;  and  the  first,  as  well  as 
the  fourth  tooth  in  the  lower  jaw,  passes  into  a  groove 
in  the  margin  of  the  upper  jaw  when  the  mouth  is 
closed." 
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The  Alligator  (Alligator  Missi&sippensis),  found  in 
American  rivers,  is  the  third  and  last  representative 
species  of  ProcceUms  and  living  Crocodilia,  The  fourth 
or  canine  tooth  of  the  lower  jaw,  in  the  Alligators,  "  is 
received  into  a  cavity  of  the  palatal  surface  of  the  upper 
jaw,  where  it  is  concealed  when  the  mouth  is  shut." 
The  genus  Caiman  is  closely  allied  to  the  Alligators. 

The  ProcceHia  are  of  comparatively  recent  date  as 
palseontological  forms,  the  first  appearance  of  these 
Crocodiles  being  found  in  the  Cretaceous  Eocks  of 
North  America,  the  typical  fossil  form  being  known  as 
Crocodilus  bassiJUsus.  In  Europe,  the  Procoslia  first 
occur  in  the  Eocene  rocks  of  the  Tertiary  Epoclx. 

The  (b)  Opiathocodia  are  represented  exclusively  by 
extinct  forms,  of  which  the  most  familiar  is  the  Cetio- 
mrUrvs  longuSy  so  named  from  its  large  and  whale-like 
dimensions.  The  remains  of  Opiathocodovs  Crocodilia 
are  confined  to  the  Mesozoic  period.  The  (c)  Amphi- 
ecdia^  forming  the  concluding  sub-order  of  the  group, 
were  most  nearly  allied  in  structure  and  habits  to  the 
existing  Gavials,  These  forms  were  also  confined  to 
the  Mesozoic  period ;  and  from  the  fish-like  characters 
of  their  vertebrse,  as  well  as  from  other  modifications  of 
the  skeleton,  would  appear  to  have  been  more  adapted 
than  their  existing  prototypes  for  an  aquatic  existence. 
The  most  familiar  Amphicodian  genera  are  TdiosauruSy 
Steneogaunta,  and  Macrospandylus. 

Of  fossil  Beptilia,  evidently  belonging  to  types  of 
structure  irreconcilable  with  the  characters  of  the 
existing  orders  of  the  class,  the  best  known  groups  are 
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the  Ichikyosauria  ;  Plenoaanria ;  Dicynodontta;  Omi- 
thoscelida  ;  and  Pierosauria. 

The  lehthyosauria  are  typically  represented  by  the 
Ichthyosaurus,  the  fossil  remains  of  which  are  found  in 
the  lias  and  Oolitic  Strata  of  the  Mesozoic  period. 
The  Ichthyosaurus  possessed  a  fish-like  form,  and  must 
have  attained  a  considerable  size.  It  appears  to  have 
united  in  the  most  intimate  manner  the  relations  of  the 
Fish  and  the  lizard.  The  limbs  were  present  in  the 
form  of  swimming- paddles,  and  the  existence  of  a 
caudal  fin,  similarly  disposed  to  the  analogous  fin  of 
Fishes,  is  now  considered  to  be  pretty  accurately  de- 
termined. The  eyes  were  large  and  prominent,  the 
eyeballs  being  protected  by  a  special  development  of 
homy  plates,  situated  in  the  sclerotic  or  outer  coat  of 
the  eye;  the  entire  structure  of  the  visual  organs  elicit- 
ing from  Dr.  Buckland  the  opinion,  '*  that  the  enor- 
mous eye  of  which  they  (the  sclerotic  plates)  formed 
the  front,  was  an  optical  instrument  of  varied  and 
prodigious  power,  enabling  the  Ichthyosaurus  to  descry 
its  prey  at  great  or  little  distances,  in  the  obscurity  of 
night,  and  in  the  depths  of  the  sea." 

The  Plesiosaurus,  representing  the  Flesiosauria,  re- 
sembled the  preceding  form  in  many  respects,  but  dif- 
fered from  the  Ichthyosaurus  in  possessing  ''a  neck 
of  enormous  lengtL"  The  limbs  were  in  the  form  of 
swimming-paddles.  The  Plesiosawus  also  attained  a 
lai^  size,  and  is  supposed  to  have  inhabited  estuaries 
and  the  margins  of  rivers,  lying  concealed  amid  the 
reeds  and  flags  which  fringed  the  banks,  and  using  the 
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elongated  neck  to  secure  the  fishes  and  other  marine 
forms  on  which  it  preyed.  The  Pleaioaauria  are  also 
exclusively  Mesozoic. 

The  DkynodonHa  and  Omitkoscelida  include  forms 
of  less  familiar  occurrence  than  the  preceding  groups. 
The  Dieynodon  typically  represented  the  former  group ; 
the  jaws  in  this  form  being  provided  with  tusks,  and  the 
limbs  suited  for  terrestrial  progression.  The  Omitho^ 
aeelida  are  represented  by  the  Iguanodon  and  Megalo- 
saurus,  two  terrestrial  forms  of  gigantic  size,  and  by  the 
Compsognathiui ;  which  latter,  perhaps,  more  than  the 
other  forms,  evinces  in  its  structure  a  near  approach  to 
the  Birds — a  fact  from  which  the  technical  name  of  the 
order  has  been  derived. 

The  group  Pterosauria,  represented  by  the  Pterodactyl 
(Fig.  118  A,  B),  includes  a  few  forms  which  exhibit 
several  curious  and  aberrant  features  in  their  organisa- 
tion. The  chief  peculiarity  in  these  forms  consisted  in 
the  adaptation  of  the  skeleton  to  flight,  this  adaptation 
being  seen  in  the  "  pneumatic*'  character  of  the  bones,  in. 
the  arrangement  of  the  pectoral  arch,  and  in  the  elonga- 
tion of  the  forearm  (e)  and  fifth  digit  (5)  to  form  an 
attachment  for  the  "patagium"  or  flying-membrane. 

The  points  of  affinity  to  the  structure  of  the  Birds  are 
found,  firstly,  in.  the  conformation  of  the  skull ;  the 
jaws,  unlike  those  of  Birds,  however,  being  provided  with 
teeth.  The  sternum  also,  as  in  Birds,  bears  a  strong 
vertical  median  crest  or  ke^  for  the  attachment  of  the 
pectoral  or  wing-muscles ;  and  the  interior  of  the  long 
bones   and  vertebras  were  filled   with  air,  thus  re- 
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sembUng  the  "  pneaniatic "  bones  of  flying  Biida. 
The  pectoral  limbe  were  modified  to  eerre  aa  organs  ot 
flight,  the  forearm  (c)  being  elongated,  and  the  fifth  or 
outermost  digit  (5)  being  hkewise  greatly  extended,  to 
form  a  support  for  the  "  patagium"  ar  flyii^-memlH«ne, 
which,  as  depicted  in  the  sketch  of  the  living  Pteio- 


A,  Ptno^luljUPtendaafttu  enudnitrit} ;  n,  ikoll;  6,  cerrlcalmtrbm: 
;  d,  hDmeruB ;  t,  torann  ;  f,  uerniu ;  g,  Uilgfa ;  \,  boH 

of  leg:  i,  drglU;  1,  1,  S,  1.  i,  dfgiU  of  peetoni  limb;  tfa*  Btth  or 
ontennoiit  digit  btlss  e«ttr  elonptciL 

B.  BkMfb  of  llvlni  Ploodutrl,  ibowlDg  Ui>  dlipixIUm  of  tba  irlaf- 


dactyl  (Fig.  116,  B),  vas  also  attached  to  the  sides  of 
the  body  and  to  the  hind-limbs  {g  h  i).  These  Utter 
members  were   of  comparatively  weak  constmctioD, 
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and  apparently  unadapted  for  ordinary  terrestrial  loco- 
motion. 

The  structure  of  this  curious  Beptile  calls  forcibly 
to  mind  the  analogous  conformation  of  the  Draco 
volana  or  Flying  Lizard  (Fig.  115),  the  structure  of 
which  has  been  already  described,  and  which,  indeed, 
may  be  considered  the  living  prototype  of  this  gigantic 
fossil  form.  The  difference  in  structure,  however,  be- 
tween the  flying-membranes  of  these  two  forms  will  be 
at  once  apparent,  and  the  powers  of  flight  will  also  be 
seen  to  admit  of  very  faint  comparison,  inasmuch  as 
the  flight  of  the  Draco  volans  is  at  the  best  of  a  limited 
nature,  whilst  that  of  the  Pterodactyl  must  have  been 
very  considerable.  And  although  it  may  be  doubted 
whether  this  old  Lizard  possessed  powers  of  aerial  loco- 
motion equal  to  those  of  the  Bird,  yet  it  must  have 
been  capable  of  sustaining  itself  in  the  air  in  a  manner 
similar  to,  or  even  more  perfect  than,  that  of  the  Bats, 
to  which,  in  the  disposition  of  its  ''  patagium,"  it  bears 
some  resemblance. 

The  Pterodactyl  and  its  Pterosaurian  neighbours 
belonged  exclusively  to  the  Mesozoic  period,  which 
is  thus  characterised  by  the  great  development  of 
Eeptilian  forms. 


CHAPTER  XXV. 

VERTEBRATA. 

Pbovincb  B. — Sauropsida — {ConHnued), 
Class  IV. — ^Aveb. 

General  Characten  and  Stxacture  of  Aves— Habits  of  Birds. 

The  class  of  Aves  or  Birds,  whilst  presenting  many 
affinities  to  the  Beptilian  division  of  the  Sauropnda^ 
also  exhibits  a  decided  advance  in  stractore,  and  ap- 
proaches nearly  to  the  Mammalian  division  of  the  sub- 
kingdom.  The  limits  of  the  class  under  consideration 
are  exceedingly  well  defined ; — birds,  fix>m  their  peculiar 
conformation,  the  characteristic  covering  of  the  body, 
and  their  habits,  presenting,  even  to  the  commonplace 
observer,  features  of  unmistakable  and'certain  identity. 
The  respiration  is  eminently  aerial,  and  carried  on 
by  means  of  lungs,  which  exhibit  a  peculiar  and 
highly  characteristic  arrangement  of  the  bronchial  or 
air  tubes.  The  heart  consists,  in  all  Birds,  of  four 
chambers,  and  thus  exhibits  the  same  perfection  of 
structure  which  characterises  the  circulatory  organ  of 
the  Mammalia.  The  blood  is  of  very  high  tempera- 
ture, and  the  blood-corpuscles  are  nucleated  (Fig.  94,  B), 
and  of  oval  shape.     The  remaining  general  features  of 
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the  class  may  be  summed  up  by  observing  that  the 
skull  articulates  with  the  vertebral  column  by  means 
of  a  single  ^  condyle ;"  the  fore-limbs  are  modified  to 
form  organs  of  flight ;  and  the  integument  is  covered 
by  peculiar  epidermic  appendages  known  as  ^  feathers." 
Lastly,  Birds  are  eminently  '^oviparous,"  and  the  em- 
bryonic structures  known  as  the  "  amnion  "  and  "  allan- 
tois/'  exist  in  this,  as  in  the  preceding  group. 

The  form  of  the  Bird,  like  that  of  the  Fish,  is 
admirably  adapted  for  swift  progression  through  the 
medium  in  which  it  lives ;  the  entire  structure  of  the 
animal  being  peculiarly  modified  to  suit  an  aerial 
existence.  This  adaptation  is  seen  not  only  in  the 
covering  of  the  body,  as  serving  to  preserve  the  necessary 
warmth,  but  also  in  the  exceeding  lightness  of  the 
bones,  which,  with  the  entire  body,  are  permeated  by 
air,  thus  rendering  the  creature  light  and  buoyant,  and 
recalling  to  mind  the  similar  provision  in  the  insect- 
economy,  by  which  the  body  is  lightened,  and  muscular 
exertion  at  the  same  time  rendered  less  tiring. 

The  integument  is  covered  with  feathers,  which  are 
to  be  regarded  as  modified  appendages  of  the  outer 
skin  or  epidermis,  and  which  "  result  from  the  conver- 
sion into  horn  of  the  cells  of  the  outer  layer  of  the 
^  epidermis."  A  perfect  feather  consists  of  (a)  the  "  cala- 
mus "  or  "quill,"  a  hollow  tube,  inserted  into  the  skin, 
and  continued  superiorly  into  the  (b)  "  shaft "  or  "  sea- 
pus,"  which  forms  the  central  stem  of  the  feather. 
The  (c)  "web"  or  "vane"  is  composed  of  numerous 
"rami,''  "barbs,"  or  fibres,  which  arise  from  each  side 
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of  the'sliaft.   The  indiyidual ''  barbs,*'  of  which  the  web 
is  made  up,  are  in  turn  furnished  with  smaller  barbs 
termed  **  radii "  or  "  barbules  ; "  these  latter  serving 
to  bind  the  web-fibres  more  closely  and  firmly  together. 
The  "  shaft"  at  its  inferior  portion,  where  it  merges  into 
the  ''  scapus"  or  "  quill,"  is  usually  marked  on  its  lower 
surface  by  a  deep  groove  or  "fossa,"  firom  which  an 
accessoiy  or  supplementary  "shaft "  of  small  size,  bearing 
a  web,  and  termed  the  "hyporachis"  or  "plumule," 
takes  its  origin.     The  "plumule"  is  not,  however,  of 
general  occurrence,  being  wanting  on  the  "  primary"  or 
"quill"  feathers  of  the  wings  and  tail,  and  sometimes — 
as  in  the  Ostrich  and  Apteryx — ^being  absent  altogether. 
The  principal  modifications  of  feathers  are  "quills^" 
"plumes,"   and    "down."      "Quill -feathers,"  having 
strong  stiff  shafts,  are  borne  by  the  wings  and  tail 
only,  and  accordingly  constitute  the  chief  agents  in 
flight.     "Plumes"  are  of  more  slender  make,  of  delicate 
texture,  and  constitute  the  general  covering  of  the  body. 
In  the  more  typical  "plumes,"  as  seen  in  the  Ostrich, 
the  individual  barbs  of  the  web  are  free  and  uncon- 
nected ;  this  open  structure,  together  with  their  soft  tex- 
ture, constituting  the  well-known  characteristics  of  these 
feathers.     "  Down,"  which  forms  the  immediate  cover- 
ing of  the  body  of  most  Birds,  but  more  especially  of 
the  aquatic  forms,  consists  of  small  feathers  closely 
^^8^8^^  together;  each  "  down-tuft "  consisting  of  a 
short  quill  imbedded  in  the  skin,  and  from  which  arises 
a  number  of  filaments,  destitute  of  a  central  stem,  but 
provided  with  accessory  filaments  or  "barbules." 
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The  plumage  of  most  Birds  is  preserved  from  the 
action  of  wet,  and  kept  smooth  and  glossy,  by  aid 
of  a  peculiar  unctuous  or  oily  secretion,  furnished  by 
a  special  gland  situated  in  the  neighbourhood  of  the 
tail,  and  termed  the  "uropygium."  The  process  of 
"preening,"  or  dressing  the  feathers,  by  aid  of  this 
secretion,  is  familiar  to  all  acquainted  with  the  habits 
of  aquatic  Birds  especially. 

The  variations  in  the  form  and  functions  of  feathers 
have  given  rise  to  a  special  terminology,  made  use  of 
by  ornithologists  in  their  systems  of  classification. 
Thus  the  feathers  attached  to  the  bones  of  the  hand, 
and  which  are  the  largest  of  the  wing,  are  accordingly 
termed  '*  primaries ; "  those  supported  on  the  forearm 
"  secondaries  ; "  whilst  to  those  arising  from  the  upper 
arm,  the  name  of  "tertiaries"  is  applied.  The  quills 
borne  by  the  attenuated  thumb  constitute  an  accessory 
pinion,  termed  the  "alula"  or  "bastard  wing."  The 
feathers  surrounding  the  ear  have  been  also  named 
"  auriculars,"  whilst  to  those  in  the  neighbourhood  of 
the  shoulder-girdle  the  term  "scapulars"  is  applied. 
The  "wing-coverts"  are  the  series  of  feathers  which 
cover  the  bases  of  the  wing-quills,  and  also  of  the  tail- 
feathers  ;  the  latter  structures  subserving  the  function  of 
a  rudder  or  steering-apparatus,  and  being  appropriately 
known  as  the  "  rectrices."  Those  portions  of  integu- 
ment usually  destitute  of  feathers,  such  as  the  head, 
neck,  and  tarsi,  are  covered  by  epidermic  scales;  or 
the  skin  in  the  neighbourhood  of  the  head  and  neck 
may  be  thrown  into  folds  and  wrinkles,  known  as 
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*' combs"  and  ^'wattles."  Changes  of  colour,  due  to 
the  presence  of  pigment  cells  and  erectile  tissue,  are 
observed  to  take  place  in  these  structures — ^this  feature 
being  well  seen  in  the  case  of  several  of  our  common 
and  domestic  fowls. 

The  endoskeleton  of  Birds  exhibits  many  peculiari- 
ties in  intimate  composition,  and  in  the  structure  and 
disposition  of  parts  also.  As  regards  chemical  com- 
position, the  bones  of  Birds  exhibit  a  greater  prepon- 
derance of  earthy  salts  than  is  found  in  the  osseous 
tissue  of  Mammals ;  the  salt  known  as  phosphate  of 
lime  forming  nearly  90  per  cent  of  the  earthy  con- 
stituents in  the  present  instance.  The  osseous  material 
itself  is  also  of  more  firm  and  compact  description  than 
in  the  highest  Yertebrata,  and  in  appearance  the  bones 
of  Birds  generally  exhibit  a  characteristically  white 
colour.  The  requisite  lightness  of  the  osseous  material, 
which  forms  so  important  a  provision  in  the  economy 
of  the  present  class,  is  at  the  same  time,  and  consistently 
with  the  firm  structure  above  alluded  to,  beautifully 
compensated  for.  The  shafts  of  the  long  bones  in  most 
Birds,  and  in  all  which  possess  ordinary  powers  of 
flight,  are  accordingly  filled  with  air  instead  of  marrow, 
the  term  '^pneumatic"  being  applied  to  the  bones 
which  exhibit  this  modification  of  structure.  The  air 
is  admitted  to  the  bones  by  special  apertures  in  these 
structures ;  the  necessary  supply  of  air  being  furnished 
by  the  respiratory  system,  the  consequent  disposition 
of  which  (Fig.  123)  forms  one  of  the  most  peculiar 
features  in  the  structure  of  Birds. 
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The  perfection  of  this  arrangement  naturally  corre- 
sponds to  the  size,  habits,  and  ordinarily  to  the  power 
of  flight  possessed  by  the  various  members  of  the  class. 
Thus,  in  the  Pelicans,  Gannets,  and  Hombills,  the 
entire  skeleton  is  permeated  with  air ;  and  most  of  our 
common  Birds  exhibit  this  arrangement  in  a  more  or 
less  perfect  degree.  In  the  Penguin,  however,  the 
habits  of  which  are  eminently  aquatic,  whilst  its  powers 
of  flight  are  of  the  most  limited  description,  and  which 
may  accordingly  be  selected  as  an  example  of  the 
opposite  extreme,  the  bones  are  filled,  as  in  MammaLs, 
with  marrow ;  "  the  substitution  of  air,"  in  this  case, 
as  remarked  by  Professor  Owen,  "  would  be  rather  a 
detriment  than  an  advantage,"  since  the  body  would  in 
the  latter  case  be  rendered  specifically  lighter  than  the 
water,  and  progression  be  thus  retarded.  The  Ostrich, 
however,  exemplifies  the  observation  of  Professor  Hux- 
ley, that  "  the  amount  of  pneumaticity  of  the  bones  by 
no  means  follows  the  development  of  the  powers  of 
flight ;"  the  bones  in  this  latter  form  being  "  far  more 
extensively  pneumatic  than  in  the  Gull." 

The  vertebral  column  is  divisible  into  the  typical 
r^ons,  but  certain  of  its  parts  are  subject  to  great 
modifications  of  the  ordinary  structural  plan.  The 
cervical  segments  are  generally  the  most  numerous,  and 
are  endowed  with  a  considerable  amount  of  flexibility  ; 
permitting  of  free  movement  in  almost  every  direction. 
The  use  of  this  arrangement^  in  serving  as  a  means  of 
prehension,  will  be  sufficiently  obvious.  The  cervical 
vertebrae  are  never  fewer  than  eight,  whilst  as  many 
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segments  as  twenty-three  may  be  found,  the  Swans 
possessing  this  latter  number.  The  dorsal  vertebne 
are  more  or  less  firmly  united  to  each  other  ;  the  onion 
of  these  segments  varying  from  one  admitting  of  slight 
motion,  as  in  Cursorial  Birds,  to  a  condition  of  immo- 
bility, produced  by  firm  ossification  or  anchylosis. 
The  dorsal  region  of  Birds  thus  forms  a  compact  mass, 
serving  as  a  point  cPappui,  or  fixed  point  of  resistance 
for  the  movements  of  the  wings.  The  lumbar  region 
merges  into  the  sacral  portion  of  the  vertebral  column ; 
these  segments  being  ossified  together,  and  forming  a 
single  bone  termed  the  "  sacrum."  The  caudal  vertebne 
(Fig.  121,  B,  a)  are  exceedingly  mobile,  the  posterior 
segments  of  this  region  being  ossified  together,  to  form 
the  "  pygostyle,"  or  "ploughshare  "  bone  (Fig.  121,  B,  6), 
which  affords  firm  attachment  for  the  "  tail-feathers," 
and  also  supports  the  "uropygium"  or  ''oil-gland," 
previously  alluded  to. 

The  skull  of  Birds  also  exhibits  a  peculiar  structure, 
inasmuch  as  the  various  bones  of  which  it  is  composed 
are,  in  the  early  life  of  the  animal,  firmly  ossified  to- 
gether, a  complete  and  firm  bony  case  being  thus  pro- 
duced. The  skuU,  as  in  the  Eeptilia,  articulates  with  the 
vertebral  column  by  means  of  a  single  occipital  promi- 
nence or"  condyle,"  and  each  half  of  the  lower  jaw,  in 
accordance  with  the  Sauropsidan  characteristics,  consists 
of  a  number  of  pieces,  which,  however,  in  the  adult,  are 
more  or  less  completely  anchylosed  together.  The  lower 
jaw  is  articulated  to  the  skull,  as  in  the  preceding 
class,  by  means  of  a  separate  bone,  the  "  os  quadratum." 
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The  beak  consists  of  the  mandibles,  formed  by  the 
elongated  maxiUaiy  or  jaw  bones,  and  encased  in  homy 
sheaths,  no  true  teeth  being  developed  throughout  the 
class.  The  form  of  the  beak  varies  in  accordance  with 
the  habits  of  the  animal,  and,  together  with  the  number 
and  arrangement  of  the  toes,  is  used  as  the  basis  for 
the  ordinary  classification  of  the  group.  The  ribs, 
which  vary  in  number  with  the  dorsal  segments,  arti- 
culate with  the  bodies  and  transverse  processes  of 
these  vertebrsB.  Each  rib  is  connected  with  its  posterior 
neighbour  by  a  short  process  of  bone,  termed  the  "  un- 
cinate process,"  or  "  diverging  appendage  "  (Fig.  89, 
B,  X  x).  The  ribs  are  attached  in  front  by  movable 
articulations  to  certain  bones  (Fig.  119,  A,  6  e),  spring- 
ing £rom  the  sides  of  the  sternum  (a),  and  to  which 
the  term  "  sternal  ribs "  is  applied.  The  sternal  ribs 
correspond  to  the  costal  or  rib  cartilages  in  the  higher 
Yertebrata  (Fig.  91,  i),  and  are  themselves  articulated 
to  the  stemnm  by  movable  joints,  the  adaptation  of 
which  to  the  respiratory  movements  of  the  chest  will 
be  readily  perceptible.  "False"  or  "cervical"  ribs 
are  found  situated  anteriorly  on  the  cervical  vertebraB  ; 
and  the  vertebrsB  of  the  post-dorsal  region  may  also  be 
provided  with  abortive  ribs. 

The  most  characteristic  parts  of  the  skeleton  of  the 
Bird,  however,  are  the  sternum  or  breast-bone,  and  the 
bones  of  the  shoulder-girdle ;  the  disposition  of  these 
structures  exhibiting  certain  features  of  characteristic 
and  special  interest.  The  sternum  (Fig.  119,  A,  a)  is 
always  of  considerable  length  and  breadth,  and  extends 
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over  the  greater  part  of  the  anterior  aspect  of  the  body. 
Eoughly  speaking,  the  sternum  is  of  a  more  or  lees 
quadrangular  shape,  concave  on  its  ventral  or  internal 
surface,  and  provided  on  its  outer  or  convex  surfEbce 
with  a  broad  prominent  ridge  or  keel  (a),  to  which  the 
great  pectoral  or  wing  muscles  are  attached.     The  de- 
velopment of  the  sternal  keel  must  therefore  bear  a 
direct  relation  to  the  powers  of  flight  of  the  bird ;  and, 
accordingly,  we  find  that  in  those  birds  which  possess 
considerable  powers  of  flight,  the  keel  is  very  broad, 
often  equalling  or  exceeding  in  breadth  that  of  the 
sternum  itsel£     In  the  Cursorial  or  Eunning  Birds,  on 
the  other  hand,  in  which  the  wings  are  small,  and  used 
more  after  the  fashion  of  oars  or  paddles  to  assist 
terrestrial  progression,  than  as  organs  of  true  flight, 
the  sternum  exists  as  a  broad  convex  shield  (Fig.  119, 
B,  a),  entirely  destitute  of  a  ridge  or  keel.     On  its 
antero-superior  aspect  the  sternum  bears  two  articulat- 
ing surfaces,  which  afford  attachment  to  the  ''  coracoid 
bones"  (Fig.  119,  A,  B,  h  h\  these  latter  structures 
forming  the  principal  elements  in  the  shoulder-girdle, 
which  in  the  Bird  is  divisible  into  its  three  distinct  and 
typical  parts.    The  (a)  coracoid  bones  (Fig.  1 1 9,  6  2r)  exist 
in  the  Mammalia  generally,  as  mere  processes  of  the 
scapula  or  shoulder-blade  (Fig.  91,  c) ;  in  this  class,  how- 
ever, they  attain  a  high  and  special  development,  being 
adapted  to  form  "  the  main  support  to  the  wing,  and 
the  great  point  of  resistance  to  the  humeri,  during  the 
downward  stroke  of  this  aerial  oar."     The  (b)  ''sca- 
pulae" or  shoulder-blades  (Fig.  119,  A,  e{  (f)  are  of 
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elongated  shape,  and  are  attached  by  ligameuts  to  the 
coracoid  bones ;  whilst  the  (c)  "  claviclee "  or  collat- 
bones  (e  c)  are  united  at  theii  anterior  extremitiee  to 


ng.  110.  OBTBOLom  or  Avis. 

A.  StHIuJ  uppantoi  of  Ooldsn  Engl*  (AjaOa  cAriwubii) ;  a,  atfTDDm  ud 

gtfiTul  keel ;  b  b,  concoid  bnnM  ;  (  c.  cUvlFlea,  liiitl«d  to  fonn  the 
"  fnrcnluin  '  or  "  menr-tlionglit "  ;  dd,  ictpnla;  tt,  «tetiiiil  ribs. 

B,  Slsrnoni  of  Kjoan  [Dnmoim).    BefewDM*  u  In  prevtoni  agnre. 

form  a  single  Yshaped  bone,  termed  the  "  furculmn," 
and  popularly  known  ae  the  "meny-thougbt."  The 
"  f  arcnluni "  (c  e)  is  articulated  superiorly  to  tbe  coracoid 
bonea  and  scapula,  and  in  most  cases  it  is  also  attached 
by  the  united  angle  to  the  stomal  keeL 

The  humerus  (Fig.  120,  a),  which  is  generally  of 
moderate  length,  articulates  snperioriy  with  a  "glenoid" 
or  "oup-shaped"  cavity,  formed  by  the  scapula  and 
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coiacoid  bones  ;  whilst  inferiorly  it  piesenta  articul&r 
BurfiBces  for  the  bones  of  ths  fore-ann,  of  which,  the 
alna  (Fig.  120,  &)  is  b;  far  the  largest  The  radius  (c) 
is  also  to  be  observed,  this  bone  in  some  instances  exist- 
ing as  a  mere  attenuated  and  mdimentaij  structuie.  The 
caipuB  or  wrist  (e)  consists  of  three  amall  bones,  two  of 
which  form  a  wedge  between  the  fore-arm  and  hand, 
and  by  thoa  limiting  the  movement  of  Uie  wrist,  give 


Fig.  ISO.  OnTMDUXrr  or  Atb, 

Pectanl  limb  of  Uh  Jer-tilcon  IFako  nfrfidno) ;  a,  hdnienu  :  b,  ulu ;  c, 
ndlnj;  e,  caipal  or  irilit  Joint ;  /.  metacarpni ;  g.  ttannib;  i  it,  ph>- 
Ungefl  of  flngenr 

to  the  downward  stroke  of  the  wing  the  neoesBaiy 
finnness  and  support.  The  third  carpal  bone  ia  attached 
to  the  metacarpos  (/),  which  in  reality  ia  also  formed 
by  three  bones,  but  apparently  consists  of  two  bones 
only ;  these  two  metacarpal  bones  (/)  being  united 
at  theii  extremities.  The  fingoia  are  represented  by 
two  digits  (t  k),  which  correspond  to  the  second  and 
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third  fingers  of  the  perfect  and  typical  limb.  Of  these 
digits,  the  radial  finger  {k)  is  the  larger,  and  consists  of 
two  or  three  phalanges ;  the  ulnar  finger  (i)  being  com- 
posed  in  all  cases  of  a  single  joint  only.  A  rudiment- 
ary thumb  (Fig.  120,  g\  consisting  of  a  single  joint, 
is  also  present ;  this  structure  being  found  attached  to 
the  outer  side  of  the  metacarpal  bone  (/),  and  serving 
to  support  the  accessory  pinion  known  as  the  "  alula  " 
or  "bastard- wing."  The  terminal  phalanges  of  the 
thumb  and  radial  digit  are  usually  provided  with  horny 
claws ;  this  arrangement  of  parts,  according  to  Huxley, 
constituting  a  characteristic  feature  of  the  class,  since 
''in  no  existing  bird  does  the  terminal  division  of 
the  fore-limb  possess  more  than  two  digits  terminated 
by  claws." 

The  pelvis  (Fig.  121,  A,  a),  giving  support  and  attach- 
ment to  the  hinder  extremities,  is  distinctly  developed, 
the  halves  of  which  it  is  composed  being  firmly  attached 
to  the  lumbo-sacral  vertebrae.  In  every  case,  with  one 
solitary  exception — that  of  the  Ostrich — ^the  halves  or 
sides  of  the  pelvis  are  ununited  inferiorly,  in  the 
middle  line ;  the  pelvis,  in  other  words,  being  open  be- 
low. The  femur  or  thigh-bone  (Fig.  121,  A,  h)  is  short 
and  stunted,  and  contrasts  strongly  in  this  respect  with 
the  elongated  tibia  (e\  to  which  the  fibula  (d),  existing, 
for  the  most  part,  like  the  radius  in  the  wing,  as  an 
attenuated  structure,  is  attached  by  ossification,  or  by 
fibro-cartUaginous  tissue.  A  patella  or  "  knee-cap  "  is  also 
found  in  the  majority  of  instances,  this  structure,  more 
typicallyseen  in  the  Mammalia  (Fig.  91,^),  serving  to  pro- 
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tect  the  knee-joint.  The  tarsus  (Fig.  121,  A,  e)  is  com- 
posed of  a  single  bone,  to  the  lower  end  of  which  the 
metatarsus  (/)  is  firmly  united  by  bony  union,  the  com- 
pound bone  thus  formed  being  known  as  the  "  tarso- 


Fig.  121.  OsTBOLOOT  OP  Arcs. 

A.  Pelvic  limb  of  the  Loon  (Cciyndnu).    (Owen.)    a»  Pelvis ;  h,  femnr :  c, 

tibia ;  d,  fibula  ;  ef,  tanna  and  metatanua,  forming,  by  their  onicm, 
the  "  tarao^metatarsal "  bone :  g\i,  front  or  anterior  toes  ;  k,  hinder 
or  great  toe  (kdUux). 

B,  Caudal  Vertebra  (a),  and  "  pygostyle  **  or  "  plough-share  bone  **  (^X  of 

Oolden  Eagle  (Aquila  ehryaaetci). 

metatarsal  bone."  (ej).  In  the  Orallatorial  or  Wading 
Birds,  the  tarso-metatarsus  is  greatly  elongated,  and 
gives  to  these  birds  the  great  relative  length  of  limb 
characteristic  of  the  order. 

The  toes  are  generally  four  in  number ;  three  digits 
{g  h  t)  being,  in  the  great  majority  of  instances,  directed 
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forwards, — the  fourth  (k),  corresponding  to  the  thumb 
or  great  toe  (hallux),  being  directed  backwards. 

The  number,  structure,  and  arrangement  of  the  toes, 
present  so  many  and  wide  variations,  that  the  charac- 
teristic features  of  each  order  haye  been  drawn  prin- 
cipally from  the  deviations  in  these  organs.  More 
extended  allusion  to  the  particular  arrangement  in  each 
of  the  subordinate  groups  will  be  found  under  the 
head  of  '^  Classification,"  and  a  few  of  the  more  general 
features  only  need  at  present  be  noticed.  The  majority 
of  Birds,  therefore,  possess  four  toes,  the  ordinary 
arrangement  of  these  digits  being,  as  above  stated,  three 
toes  in  front,  and  one  toe  situated  posteriorly.  In 
some  forms,  however,  exemplified  by  the  Bustards,  the 
posterior  toe  is  absent,  whilst  in  the  Ostrich  (Fig. 
125,  a)  only  two  toes  are  found.  In  the  Scansonal  or 
Climbing  Birds  (Fig.  126, 6),  represented  by  the  Parrots, 
etc.,  the  outermost  toe  is  also  directed  backwards,  the 
foot  being  thus  rendered  effective  for  grasping  the  boughs 
of  trees ;  whilst  in  the  Cuckoos,  the  outer  toe  can  be 
turned  either  backwards  or  forwards  at  wilL  In  the 
Swifts,  Swallows,  etc.,  the  four  toes  are  aU  turned  for- 
wards. By  some  authorities  the  posterior  accessory 
claw  or  "  spur,"  borne  on  the  tarsus  of  many  Easorial 
or  Scratching  Birds  (Fig.  125,  c),  exemplified  by  the 
Common  Fowl,  is  accounted  a  distinct  toe ;  accepting 
this  view  therefore,  these  birds  must  be  regarded  as 
possessing  five  digits. 

In  the  aquatic  species  (Fig.  124,  b)  the  toes  are  united 
by  a  web  or  membrane,  the  foot  being  thus  con- 
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verted  into  an  efficient  swimming-paddle.  The  dis- 
position of  this  membrane  varies  considerably  through- 
out the  group,  and  its  relations  will  be  appropriately 
considered  when  treating  of  the  Natatorial  division  of 
the  class. 

The  toes  are  generally  armed  with  claws  or  nails ; 
the  former  appendages  being  seen  in  greatest  perfection 
among  the  Eaptores  or  Birds  of  Prey  (Fig.  126,  d), 
whilst  the  Easorial  Birds  afford  typical  examples  of 
forms  possessing  the  latter  structures. 

The  ahmentary  canal  of  Birds  presents  a  marked  ad- 
vance in  structural  and  functional  perfection  on  that 
found  in  the  preceding  classes ;  certain  modifications  of 
the  digestive  apparatus,  corresponding  to  the  habits  and 
food  of  the  various  members  of  the  group,  are  also  to 
be  noticed  in  the  consideration  of  the  digestive  tract. 
The  "  rostrum  "  or  beak  forms  the  chief  agent  in  the 
prehension  of  food,  the  mandibles  being  also  made  sub- 
servient in  a  few  instances  to  the  tearing  and  subdivid- 
ing, rather  than  the  mastication,  of  nutrient  matter. 
The  mandibles  may  themselves  be  notched  or  serrated 
along  their  margins,  but  teeth  are  entirely  wanting 
throughout  the  class.  The  tongue  which,  like  the  jaws, 
is  in  most  instances  enclosed  in  a  horny  sheath,  cannot 
bo  said  to  act  as  a  gustatory  organ,  although  in  many 
instances  it  subserves  the  function  of  prehension. 
Thus  in  the  Woodpeckers,  the  tongue  is  armed  at  its 
tip  with  small  recurved  spines,  and  serves  in  the  most 
effective  manner  to  impale  and  capture  the  insects  upon 
which  the  creature  subsists.      In  the   Toucans  the 
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toDgae  is  almost  81111118x17  suited  for  prehensile  pur- 
poses ;  and  in  the  Humming-bitds  the  homy  sheath  of 
the  oi^n  is  futthei  modified  to  fona  delicate  filamen- 
tous piocessee,  by  means  of  which  these  creatures  Imbibe 


Fig.  112.  Dioxmri  BTnu  or  Ateb.    AllcuDUr]'  cinil  of  Cooidiod  Foirl 

a,  <EHpliieiu :  b,  crop ;  e,  pnTentricnlnB  ;  d,  giminl ;  t,  dnDdennm.  o 

Ant  iwrt  tit  imill  Inteitlne ;  /  pucteu ;  g,  nnlll  lotntine ;  A,  lug 

tntHtiM ;  I,  liver ;  t,  giU-bUdder ;  I,  cecal  ■ppeniUgu ;  m.  nntei 


the  juices  of  flowers,  ^n  the  Parrots,  on  the  other  hand, 
the  tongue  is  soft  and  fleshy,  and  in  such  cases  the  sense 
of  taste  is  no  doubt  possessed  in  some  degree  at  least. 
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The  oesophagus  (Fig.  122,  a)  is  generally  elongated, 
capable  of  being  greatly  dilated,  and  presents  in  its 
coarse  certain  dilatations,  to  which  attention  mnst  be 
particularly  directed.  The  first  of  these,  situated  at 
the  lower  part  of  the  neck,  is  termed  the  "  ingluvies" 
or  "crop"  (&).  Tins  crop,  which  may  be  single  or 
double,  or^-ras  wiU  be  hereafter  explained — ^in  certain 
cases  wanting  altogether,  is  a  simple  dilatation  of  the 
CBSophageal  walls,  subserving  the  function  of  a  store- 
house or  pouch,  in  which  the  food  is  for  a  time  stored 
up,  or  in  some  slight  degree  prepared  for  the  action  of 
the  true  digestive  organs.  After  leaving  the  crop  the 
gullet  expands  into  a  second  cavity  (c),  to  which  the 
term  "  proventriculus  "  or  "ventriculus  succenturiatus" 
is  applied.  The  walls  of  this  cavity — which  is  to  be 
considered  as  the  true  digestive  sac — are  thickened, 
and  contain  numerous  glands,  which  secrete  the  gastric 
juice ;  the  food  being  subjected  in  the  "  proventriculus" 
to  the  solvent  action  of  this  fluid.  Opening  &om  the 
"  proventricnlus,"  and  communicating  freely  with  it^ 
the  third  digestive  cavity,  or  "  gizzard"  (d),  is  found ; 
and  in  this  latter  sac,  which  is  to  be  regarded  as  the 
"  pyloric  "  or  posterior  portion  of  the  stomach,  the  food 
undergoes  further  and  important  changes. 

The  structure  and  arrangement  of  these  several 
cavities  vary  with  the  habits  of  the  many  and  diverse 
forms  included  within  the  limits  of  the  class.  Thus, 
in  those  Birds  which  .find  their  food  constantly  at 
hand — suchas  the  Insectivorous  and  Fruit-eating  species 
— no  crop  or  other  dilatations  are  found  in  the  course 
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of  the  cesopliagus  ;  the  food  in  these  forms  passing  at 
once  and  directly  to  the  true  digestive  stomach.  In 
the  Carnivorous  or  Raptorial  Birds,  which  do  not  feed 
with  regularity,  and  whose  habits  do  not  allow  of  much 
time  being  spent  over  each  meal,  the  crop  (b)  plays 
an  important  part  in  the  digestive  process ;  this  cavity 
serving  as  a  receptacle,  in  which  the  food,  swallowed  in 
greater  quantity  than  can  at  once  be  digested,  is  stored. 
And  in  Granivorous  Birds  the  '^ingluvies"  holds  a 
still  more  important  place.  The  crop  in  these  latter 
forms  is  considerably  enlarged,  and  subserves  a  prepa- 
ratory digestive  function,  by  pouring  out  on  the  con- 
tained nutriment  a  special  secretion,  the  office  of  which 
is  to  soften  it,  and  in  all  probability  to  further  prepare 
it  for  the  action  of  the  other  solvent  and  digestive 
juices.  Grenerally,  the  crop  consists  of  a  single  cavity. 
In  the  Pigeons  it  is  double ;  whilst  in  Swans  and  Geese 
it  is  altogether  absent. 

The  "proventriculus"  (c)  appears  to  preserve  its 
character  in  a  very  constant  manner  throughout  the 
group ;  the  gastric  follicles  or  glands  secreting  the 
gastric  juice,  however,  differing  widely  in  form, 
size,  and  situation.  The  gizzard  (d)  resembles  the  crop 
in  the  variations  and  modifications  to  which  it  is 
subject;  these  structural  and  functional  differences 
being  even  more  marked  in  this  than  in  the  previous 
case.  The  walls  of  the  gizzard  in  Flesh-eating  Birds 
are  thin  ;  the  organ  partaking  more  of  the  nature  of  a 
membranous  sac,  in  accordance  with  the  readily  diges- 
tive nature  of  the  food.   But  in  the  Grain-eating  species. 
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represented  by  the  Common  Fowl  (Fig.  122),  the  vails 
are  exceedingly  thick  and  muscular ;  the  gizzard  (J)  in 
such  cases  being  conyerted  into  a  kind  of  "  crushing* 
mill,"  in  which  the  hard  husks  of  grain  are  triturated 
and  bruised,  and  so  rendered  more  susceptible  to  the 
action  of  the  various  solvent  juices.  The  internal  sur- 
face of  the  gizzard  is  thrown  into  numerous  "  rugsB*' 
or  folds,  in  which  deposits  of  calcareous  or  homy 
matter  are  commonly  found  ;  these  callosities,  together 
with  the  stones,  pebbles,  and  other  hard  substances 
swallowed  by  these  Birds,  serving,  in  the  most  efifeclive 
manner,  to  grind  and  reduce  the  grain  and  vegetable 
matters  upon  which  these  forma  subsist  Between 
these  two  extremes — the  stomach  of  the  Carnivorous 
Bird  on  the  one  hand,  and  that  of  the  Granivorous 
Fowl  on  the  other — ^there  are  many  intermediate  and 
transitional  stages  and  arrangements;  the  nature  of 
which,  from  their  relations  to  one  or  both  of  these 
forms,  will  not  be  difficult  to  understand. 

The  intestinal  canal  (Fig.  122,  g^  h)  in  the  Flesh- 
eating  species  is  short,  but  of  considerable  length  in 
the  vegetable  feeders.  The  division  into  the  large  and 
smaU  intestine  is  marked  sometimes  by  a  valvular 
structure,  but  more  commonly  by  the  presence,  at  this 
point,  of  two  "  caecal*'  or  blind  appendages  (Z),  the 
exact  function  of  which  has  yet  to  be  determined 
The  intestine  terminates  in  a  cloaca  (o),  in  common  with 
the  ducts  of  the  urinary  (m)  and  generative  organs  (n). 
Asmall  sac, termed  the  ''bursa  Fabricii,"  the  use  of  which 
is  unknown,  also  opens  into  the  upper  part  of  the  cloaca. 
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Salivary  glands  are  well  developed  throughout  the 
class,  these  organs  existing  in  three  distinct  pairs. 
The  ''  sublingual "  salivary  glands  are  subject  occasion- 
ally, as  in  the  Woodpeckers,  to  great  development ;  the 
salivary  secretion  in  these  latter  forms  being  of  a  viscid 
or  gummy  consistence,  and  serving  to  aid  the  capture 
of  the  insect-prey.  The  liver  (Fig,  122,  i)  is  well 
developed,  and  possesses  a  gall-bladder  (A;),  the  bile 
being  conveyed  into  the  intestine  by  two  or  three, 
separate  ducts.  The  pancreas  (/)  lies  in  a  character- 
istic loop,  formed  by  the  "duodenum"  (e),  or  first 
portion  of  the  intestinal  tract,  the  disposition  of  this 
organ  corresponding  with  its  arrangement  in  the  Mam- 
malia. The  spleen  is  small,  but  the  kidneys  are  of 
large  size,  the  ureters  (m)  opening  by  two  orifices 
into  the  cloaca  (o).  The  renal  function  in  Birds 
acquires  an  importance  exceeding  that  of  any  other 
division  of  the  Yertebrata;  the  nature  of  the  body- 
covering,  as  preventing  the  ordinary  work  of  excretion 
by  the  skin,  necessitating  the  performance  by  the  kid- 
neys of  the  greater  portion  of  the  excretory  function. 

The  heart  and  circulatory  system  of  Birds  is,  to  all 
intents  and  purposes,  exactly  similar  to  that  of  the 
Mammalian  group  which  has  been  previously  described 
(Fig.  95) ;  the  haemal  system  of  Birds  being  thus  con- 
structed upon  the  most  perfect  and  typical  plan.  The 
essential  features  of  the  circulatory  process  consist  in 
the  double  nature  of  the  circulation,  and  in  the  com- 
plete separation  of  the  two  sides  of  the  heart — a  fact 
synonymous  with  the  separation  of  the  arterial  &om 
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the  venous  ciicolation.  The  only  remaining  points 
worthy  of  notice  are  the  strength  and  perfection  of  the 
valvular  airangements,  and  indeed  of  the  whole  hearty 
which  is  generally  more  muscular  than  in  the  other 
groups — ^a  fact  not  to  he  wondered  at,  when  the  in- 
creased temperature  of  the  hody,  and  the  great  mascuLar 
exertion,  involving  a  corresponding  increase  of  tissue- 
waste,  are  home  in  mind. 

In  the  disposition  of  their  respiratory  organs;,  Birds 
exhihit  certain  features  highly  characteristic  of  the 
group.  The  lungs  are  large,  and  are  attached  to  the 
vertebral  column  and  ribs.  The  thorax  or  chest  is  not 
completely  separated,  as  in  the  Mammalia^  from  the 
cavity  of  the  abdomen  by  a  perfect  "  diaphragm  "  or 
"midrijff"  (Fig.  92,  J),  the  latter  structure  being  pre- 
sent in  a  rudimentary  condition  only,  throughout  the 
class.  The  respiratory  organs  of  Birds  are  usually  of  a 
light  colour,  and  exhibit  a  more  cellular  texture  than 
that  perceived  in  the  MammcUian  lungs.  They  com- 
municate with  the  pharynx,  as  in  Mammals,  by  means 
of  a  "  trachea  "  or  «  wind-pipe  "  (Tigs.  92,  y,  and  123,  t\ 
the  supporting  rings  of  which  are  usually  complete, 
and  of  fibro-cartikginous  or  even  bony  texture.  A 
'*  larynx "  or  organ  o£  voice,  termed  from  its  position 
the  upper  or  superior  larynx,  is  situated  at  the  upper 
extremity  of  the  trachea,  immediately  behind  the  root 
of  the  tongue ;  whilst  a  second  or  inferior  larynx,  the 
true  organ  of  voice  in  Birds,  is  found  at  the  lower  part 
of  the  windpipe,  this  latter  structure  being  situated  at 
the  point  at  which  the  trachea  bifurcates,  or  divides 
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into  two  main  air-tubea  or  "  bronchi,"  each  of  which 
supplies  a  single  lung  with  air.  Each  bronchos,  after 
entering  its  lung,  further  subdivides  into  smaller  and 
more  minute  branches  (b  b),  the  final  terminationa  of 
these  BabdivisioiLS  being  found  in  the  minute  air- 
veaiclBB  or  eells  of  the  lung.  The  main  trunks  of  the 
bronchi,  however,  open  by  distinct  apertures  (a  a  a  a)  on 
the  sur&ce  of  the  long,  into  certain  sacs  or  cells  termed 
"  air-Bacs,"  which  exist  in  the  thorax  and  abdomen  of 


n  nrhciiofluBgi', 
ft  s,  DTOncWal  tatw  opmed  (a  imiue  bu  neen  paaieu  Inls  tlis  broncbua, 
uid  nuds  to  pKiJtet  Uuough  the  eiUrnil  opening  (a)  of  tbs  tabs): 

the  Bird.  These  aii-sacs,  which  generally  exist  to  the 
number  of  nine,  are  formed  by  expansions  and  reflec- 
tions of  the  lining  membrane  of  the  chest  and  abdomen ; 
they  communicate  on  the  one  hand  with  the  lungs,  and 
on  the  other  by  a  system  of  passages  with  the  interior 
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of  the  ''  pneumatic "  bones,  the  peculiar  structure  of 
which  has  already  been  described.  The  air  inspired 
in  the  process  of  respiration,  therefore,  finds  its  "waj 
into  every  part  of  the  body,  including  the  skeleton,  and 
thus  subserves  many  and  important  uses,  in  addition  to 
the  due  aeration  of  the  blood. 

The  essential  difference  between  the  disposition  of 
the  respiratory  apparatus  in  the  Bird  and  Mammal 
will  now  be  sufficiently  apparent,  and  it  is  of  the 
highest  importance  to  bear  this  distinction  constantly 
in  mind.     Thus,  in  the  Mammal,  the  lungs  (Fig.  92,  x) 
are  closed  sacs,  suspended  in  the  thoracic  cavity  of  the 
animal,  which  cavity  in  the  Mammal  is  completely 
partitioned  off  from  the  abdomen  by  the  perfect  dia- 
phragm (Fig.  92,  J).     The  bronchi  in  the  Mammal, 
further,  do  not  open  on  the  surface  of  the  lung,  but 
terminate  in  the  air-sacs  or  cells  in  the  interior  of  the 
organ;  the  inspired  air,  therefore,  is  confined  to  the 
lungs  exclusively,   and,  save  in  case  of  accident  or 
disease,  does  hot  find  its  way  into  any  other  part  of  the 
body.     Contrasting  this  with  the  condition  of  parts  in 
the  Bird,  essential  and  striking  differences  are  apparent  : 
the  open  terminations  of  the  bronchi  (Fig.  123,  a  a  a  a) ; 
the  imperfect  separation  of  the  thoracic  and  abdominal 
cavities;  and  the  distribution  of  air  throughout  the 
body,  forming  the  chief  characteristic  points  in  the 
economy  of  the  Bird. 

The  uses  of  this  perfect  and  systemic  distribution  of 
air  have  been  thus  briefly  summarised ;  firstly,  the  more 
perfect  aeration  of  the  blood ;  secondly,  the  maintenance 
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of  the  necessary  high  rate  of  temperature ;  thirdly,  the 
rendering  of  the  whole  body  specifically  lighter; 
fourthly,  the  mechanical  assistance  to  muscular  exer- 
tion, which  is  thus  rendered  less  tiring;  and  fifthly, 
the  enabling  Birds  to  prolong  their  notes  to  a  great 
length,  and  for  a  very  considerable  time. 

The  nervous  system  of  Birds  bears  marks  of  increased 
specialisation ;  particularly  of  the  chief  centres  of  cor- 
relation. The  cerebrum  is  relatively  larger  than  in 
the  preceding  class,  and  the  cerebellum  or  lesser  brain 
is  also  to  be  recognised  The  senses  are,  for  the  most 
part,  present  in  very  perfect  array.  The  eyes  are 
specially  adapted  to  the  particular  wants  of  this  sense 
in  Birds  ;  the  shape  of  the  lens,  and  also  the  presence 
of  **  sclerotic  "  plates,  similar  to  those  described  in  the 
case  of  certain  extinct  Beptilia,  being  among  the  chief 
structural  peculiarities  of  the  eye  itself.  A  ''nictitating 
membrane ''  or  "  third  eyelid,"  is  present,  in  addition 
to  the  ordinary  eyelids.  An  external  ear  is  deficient 
throughout  the  class,  but  an  internal  auditory  organ  of 
very  perfect  construction  is  found.  The  senses  of  taste 
and  smell  are,  on  the  whole,  but  imperfectly  developed; 
the  tongue  exercising  more  the  function  of  a  tactile 
than  of  a  gustatory  organ.  The  upper  mandible  ap- 
pears also  to  subserve  the  tactile  sense.  The  nasal 
cavities  are  of  rudimentary  construction,  and  terminate 
by  openings  usually  placed  towards  the  base  of  the 
bOL  In  the  Apteryx  the  nostrils  open  at  the  free 
extremity  of  the  mandible. 

Birds  are  strictly ''  oviparous ''  animals.     The  ovaries 
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and  oviducts  of  the  female  are  imsymmetiicallj 
developed,  the  oigans  of  the  right  side  being  nsnallj 
abortiTe.  The  calcareous  shell  is  deposited  round  the 
impregnated  ovum  in  the  terminal  portion  of  the  ovi- 
duct (Fig.  122,  n).  The  process  of  incubation,  bj 
which  the  eggs  are  hatched  by  the  heat  of  the  parents* 
body,  reaches  the  acme  of  development  and  perfection 
in  the  present  class. 

In  their  habits,  Birds  exhibit  many  and  striking 
differences.  The  Birds  of  temperate  climates  especially, 
remain,  as  a  rule,  constant  inhabitants  of  their  native 
countries ;  such  forms  being  known  as  Aves  manentei, 
or  *'  permanent  Birds."  The  migratory  instinct,  how* 
ever,  by  which  certain  Birds  leave  a  country  on  the 
approach  of  the  colder  season,  flying  over  many  hundred 
miles  of  sea  and  land  in  their  journey  to  a  wanner 
region,  is  among  the  most  wonderful  of  the  phases 
observed  in  the  development  of  that  faculty.  Some 
birds  wander  from  place  to  place  without  pursuing  any 
definite  course,  their  movements  being  guided  princi- 
pally by  the  plentifulness  or  scarcity  of  food,  and  to 
these  forms  the  term  Avee  erratid^  or  "wandering 
Birds,''  is  occasionally  applied.  Others — and  of  this 
latter  group  the  Swallow  and  Cuckoo  afford  £uniliar 
examples — are  true  ^*  migratorial  Birds  "  {Aves  mtgra" 
tores).  These  inhabit  the  northern  regions  of  the  worid 
during  the  summer  season,  but  leave  with  their  young 
on  the  advent  of  autumn ;  flying  southward  to  a  more 
genial  clime. 


CHAPTER   XXVI. 

Province  B. — Sauropsida. 

Class  IV. — ArBA^Continued), 

Classificatioii  of  Ares. 

The  ordinary,  though  artificial,  system  of  classification 
of  this  extensive  group,  founded  upon  the  differences 
observed  in  the  structure  and  disposition  of  the  beak 
and  toes,  and  upon  the  consequent  habits  of  the  in- 
eluded  forms,  has  the  merit  of  being  an  exceedingly 
simple  arrangement,  if,  at  the  same  time,  it  be  open  to 
the  objection  that  it  is  somewhat  unphilosophicaL  The 
class  Aves  has  therefore  formed  one  of  the  debateable 
grounds  of  classification,  numerous  systems  of  arrange- 
ment having  from  time  to  time  been  constructed.  Thus, 
according  to  certain  authorities,  the  degree  of  perfection 
attained  by  the  young  Bird  on  leaving  the  egg  was 
considered  a  suitable  basis  for  dividing  the  class  into 
primary  sections ;  in  the  first  of  which, — ^the  Avtophagi, 
— the  young  Bird  was  bom  in  a  comparatively  advanced 
state,  and  capable  of  providing  for  the  wants  of  its  own 
life ;  whilst  in  the  Heterophagi  the  young  were  more 
or  less  dependent,  after  birth,  upon  the  parents  for  sup- 
port Another  method  of  dlassifying  Birds  was  founded 
upon  the  particular  spheres  of  existence  inhabited  by 
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the  vaiioTis  members  of  the  class ;  and  in  accordance 
with  this  latter  method,  that  of  IS'itzsch,  Birds  were 
divided  into  three  groups,  the  "  Aerial "  Birds ;  "  Land  " 
Birds  ;  and ''  Water  "  Birds.    More  scientific  systems  of 
classification  have  resorted  to  structural  pecnliaiities  in 
the  members  of  the  group,  as  bases  of  airangementu 
By  Huxley  the  Aves  are  divided  into  three  groups,  dis- 
tinguished by  the  respective  conformation  of  the  ster- 
num and  tail.     The  first  section,  that  of  the  Cariiiatm^ 
includes  those  Birds  possessing  sternal  keels;    this 
group,  accordingly,  embracing  the  vast  majority  of 
existing  forms.     The  Ratitce^  forming  the  second  sec- 
tion of  Huxley,  include  those  Birds  in  which  the 
sternum  is  destitute  of  a  keel  {Cursores) ;  the  forms 
representing  this  group  being  as   limited    in   num- 
ber as  those  of  the  former  division  were  extensive. 
The  Saururce,  forming  the  last  of  Huxley's  groups, 
embrace  but  a  single  and  fossil  form, — iheArchcecpteryXy 
the  tail  of  which  was  ^'  longer  than  the  body,"  and  des- 
titute of  a  "  ploughshare  bone,"  whilst  other  peculiari- 
ties seem  to  indicate  the  afi&nity  of  this  anomalous  fonn 
to  the  Eeptilian  type  of  structure.     The  numerous  sub- 
divisions of  the  Carinate  Birds,  with  the  technical 
nature  of  the  distinctive  points,  render  this  otherwise 
excellent  system  of  classification  unadapted  for  ordimuy 
purposes. 

The  present  and  most  universally  accepted  classifica- 
tion of  Aves,  divides  the  class  into  seven  existing  orderS| 
distiaguished,  as  previously  observed,  by  their  habits^ 
and  by  the  consequent  difierences  observable  in  the 
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beak  and  arrangement  of  the  toes ;  and  having  due 
regard  to  the  palseontological  aspects  of  the  class,  an 
eighth  order — the  Saururce  of  Huxley — is  generally 
added  to  the  existing  seven. 

The  class  Avea  is  accordingly  divided,  as  follows,  into 
eight  orders : — 

Order  1.  Natatores  (Swimmers).  Ex.  Penguin, 
Duck,  etc. 

Order  2.  Orallatorea  (Waders).  Ex.  Snipe,  Heron, 
etc. 

Order  3.  Cursores  (Kunners).  Ex.  Ostrich,  Emeu, 
eta 

Order  4.  Rasores  (Scratchers).  Ex.  Grouse,  Com- 
mon Fowl,  etc. 

Order  5.  Scanaores  (Climbers).  Ex,  Parrot,  Wood- 
pecker, etc. 

Order  6,  Insessores  (Perchers).  Ex.  Shrike,  Crow, 
etc. 

Order  7.  Eaptores  (Birds  of  Prey).  Ex.  Eagle,  Owl, 
etc. 

Orders.  iSaururee (Lizard-tailed).   'EjLArchasoptenjx, 

Order  1.  Natatorea  (Palmipedes),  (Swimmers). — In 
this  order,  of  which  the  Penguins  (SpTieniscidce), 
Ducks  {Aruitidce),  Gulls  (Laridce),  and  other  aquatic 
forms  may  be  selected  as  representatives,  the  toes  are 
more  or  less  completely  united  by  a  web  or  membrane 
(Pig.  124,  b),  the  foot  being  thus  modified  to  form  a 
swimming-paddla  In  the  majority  of  Natatorial 
Birds  only  three  toes  exist,  these  digits  being  directed 
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forwards.  In  those  cases  in  which  the  fooith  toe 
or  "  hallux  "  is  present,  it  is  generally  mdimentary,  and 
is  directed  backwards,  altbongh  in  aome  instancea  the 
posterior  toe  is  better  developed,  the  web  being  con- 
tinued backwards,  and  connected  to  this  toe  also  {Fig. 
124,  b). 

In  some  fonns,  exemplified  by  the  Grebe  (Podki- 
pina),  the  web  is  modified,  and  unites  the  toes  at  their 


a.  BeitdorCDninioiiIUllui9(iTiradDiick<JiuuB(«c*ai)j  b,  tbotoT  Ccb- 
moQ  OomoriBt  (_FliataBnf»rat  oarto);  c,  ht»d  of  Wood  Bmdpiper 
iTotavuftanaluy;  d,  log  uid  toot  of  Common  Bflron  (^rdea  cwbv4» 

bases  only,  the  remainder  of  the  membrane  being 
disposed  to  form  broad  lobes  on  the  anterior  part  of 
the  toee.  The  body  in  the  Natatorea  is  more  or  lea 
boat-shaped,  the  lega  being  usually  situated  fiu;  back, 
and  towards  the  posterior  extremis  of  tiie  body — a 
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position  most  fEtvonrable  to  their  nse  in  swimming, 
bat  which  renders,  the  gait  of  these  birds  exceedingly 
awkward  and  clumsy  on  land.  The  plnmage  is  thick 
and  downy,  and  is  preserved  from  the  action  of  the 
water,  and  also  kept  glossy,  by  the  secretion  of  the 
"upopygium"  or  "tail-gland."  The  neck  is  generally 
elongated,  enabling  these  Birds  to  procure  their  food  by 
groping  in  the  bottom  of  the  waters  they  inhabit.  '  The 
development  of  the  wings  varies  throughout  the  group, 
and,  in  accordance  with  the  relative  perfection  of  these 
organs,  the  order  has  been  divided  by  Professor  Owen 
into  certain  subordinate  divisions.  In  certain  members 
of  the  order — chief  of  which  the  Penguin  may  be 
mentioned — ^the  wings  are  quite  rudimentaiy,  and  exist 
as  mere  fins  or  expansions  of  the  integument,  covered 
by  a  soft  skin,  furnished  with  scales  instead  of  feathers. 
In  the  Frigate  Bird  (Tachypetea),  on  the  other  hand — a 
form  well  known  for  its  amazing  powers  of  flight — the 
wings  are  large  and  well  developed.  The  Penguins  are 
accordingly  classified  in  the  family  BrevipenruxtoBj  whilst 
the  latter  Birds  are  classified  with  the  Zon^/tpanno^e  forms. 

The  most  familiar  families  of  Natatorial  Birds  are 
the  Penguins  (SphenisddoB) ;  Puffins  (Fraierculidce) ; 
Auks  (Alcidce) ;  Pelicans  (Pelicamdce) ;  Divers  (Co- 
lymbidoB ;  Gulls  (Larid{B);  Ducks  (AncCtidce);  and  Geese 
(Anserince), 

Order  2.  Grallatores  (Waders).— The  Wading  Birds, 
wlulst  possessing  close  relations  with  the  preceding 
forms,  present  many  characteristic  and  distinctive 
features.  They  aie  distinguished  chiefly  by  the  elongated 
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''  tarso-metatarsal"  bones,  which  give  to  the  legs  their 
great  length,  enabling  these  Birds  to  wade  in  the 
shallow  waters  in  which  they  find  their  food.  The 
toes  are  generally  four  in  number,  three  being  directed 
forwards ;  and  the  fourth,  yaiying  in  development,  and 
being  situated  on  the  hinder  or  posterior  aspect  of  the 
foot  (Fig.  1 24,  cQ.  The  feet  are  in  no  instance  completely 
webbed,  although  in  some  cases,  as  in  the  Coots,  the 
toes  may  be  united  at  their  bases  by  a  short  or  abor- 
tive membrane.  The  neck  is  in  most  cases,  and  in 
accordance  with  the  habits  of  the  animal,  greatly 
elongated,  and  the  form  of  the  beak  also  varies  through- 
out the  group.  In  those  forms,  exemplified  by  the 
Snipes,  feeding  on  worms,  insects,  and  food  of  similar 
description,  the  beak  is  long  and  of  slender  make  (Fig. 
124,  c) ;  whilst  in  the  fish-eating  species  it  is  of  short- 
ened and  stronger  construction.  The  wings  are  gener- 
ally of  large  sise,  and  the  legs,  which  in  flight  are  ex- 
tended behind  the  animal,  supply  the  place  of  the  tail ; 
this  latter  appendage  in  these  Birds  being  abortive,  and 
incapable  of  serving  as  a  rudder  to  guide  their  aerial 
flight.  The  order  is  represented  by  the  Hails  (Rallida) ; 
Coots  (Fulica)  ;  Cranes  {Gruidci) ;  Herons  {Ardddaej  ; 
Storks  {CiconincB) ;  Ibises  (Tantaliiiw) ;  Snipes  {Scolo- 
padded) ;  and  Bu&taids  (Ottdce), 

Order  3.  Cursores  (EatUce),  (Bunners). — ^The  Cur^ 
sorial  or  Bunning  Birds  form  a  very  limited  group, 
being  represented  in  the  present  day  by  the  Ostriches, 
Emeus,  Cassowaries ;  by  the  Apteryx ;  and  also  by  a 
few  extinct  forms.     These  Birds  are  for  the   most 
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part  of  large  size,  and  their  organisation  is  specially 
modified  to  suit  the  change  in  life  and  habits.  The 
pneumaticity  of  the  bones,  whilst  still  present,  and  in 
the  Ostrich  exhibiting  a  high  degree  of  perfection,  is 
on  the  whole  also  modified  in  accordance  with  the 
terrestrial  nature  of  the  progression  in  these  forms. 
The  sternal  keel,  so  marked  a  characteristic  of  other 
forms,  has  now  disappeared  (Fig.  119,  £),  leaving  the 
sternum  as  a  flattened  convex  shield,  from  which 
character  Huxley's  term  Batitce  has  been  derived. 
The  wings,  in  accordance  with  the  general  modification 
of  type,  are  of  comparatively  feeble  construction,  being 
used  after  the  fashion  of  aerial  paddles,  to  accelerate  the 
running  powers  of  these  Birds.  The  legs,  however,  are 
now  strong  and  well  adapted  for  running,  the  muscular 
development  of  the  pelvic  limbs  now  assuming  a  higher 
and  more  perfect  phase  of  development.  The  anterior 
toes  exist  to  the  number  of  two,  as  in  the  Ostrich  (Fig. 
125,  a),  or  three,  as  in  the  Emeu  and  allied  forms ; 
the  hinder  or  posterior  toe  being  absent,  save  in  one 
instance,  that  of  the  Apteryx,  in  which  a  rudimentary 
hinder  toe  is  found.  The  barbs  composing  the  webs  of 
the  feathers  are  more  widely  separated  than  in  other 
instances,  and  present  a  dose  resemblance  to  hairs, 
thus  giving  the  plumage  a  very  peculiar  and  character- 
istic appearance.  The  beak  is  generally  short  and  com- 
pressed, the  neck,  however,  being  greatly  elongated. 

The  order  contains  two  fcunilies,  the  first  of  which, 
that  of  the  Struthionidcej  is  represented  by  the  Ostriches, 
in  which  the  hinder  toe  is  absent.    The  Afiican  Ostrich 
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(Struthio  came! us) ;  the  Ameiiean  Ostrich  (Bhta)  ;  the 
Emeu  (Dromaius),  inhabiting  Xew  Holland;  and  the 
Cassowaiy  {Casucarius)  of  the  Eastern  Archipelago^  are 
the  representatives  of  the  first  section. 

The  second  funily  (Apteryffidce)  is  represented  by  the 
Apferi/x,  or  wingless  Bird  of  New  Zealand,  which  is  dis- 
tinguished by  its  elongated  slender  bill,  by  the  shortness 
of  the  legs,  and  by  the  very  radimentaiy  and  abortive 
nature  of  the  wings.  A  small  hinder  toe  or  '*  hallnx," 
provided  with  a  claw,  is  present  in  the  Apteryx,  little 
is  known  respecting  these  singular  Birds,  save  that  their 
habits  appear  to  be  principally  nocturnal,  their  food 
consisting  of  worms  and  insecta 

The  fossil  remains  of  the  Dinomis,  a  gigantic  wing- 
less form,  occurring  in  the  superficial  deposits  of  New 
Zealand,  and  related  in  structure  to  the  Apteryx^  have 
been  referred  to  tins  order,  which,  no  less  in  its  palsBon- 
tological  than  in  its  ordinary  aspects,  exhibits  many 
interesting  and  anomalous  features.  The  remains  of 
two  extinct  species  of  Apteryx  are  found  associated 
with  the  Dinomia  fossils ;  the  latter  form  having  been 
thus,  in  all  probability,  contemporaneous  with  the 
existing  Apteryx.  The  fact  of  the  remains  of  the 
Dinorrds  being  found  in  the  most  superficial  forma- 
tions, and  under  other  and  equally  important  drcimi* 
stances^  justifies  the  belief  that  the  Dinomis^  or  its 
allies,  may  still  be  in  existence  in  the  less  accessible 
and  unexplored  parts  of  these  islands. 

Order  4.  Baaares  (OdlKnaeet),  (Scratchers). — The  body 
in  this  group  is  generally  shorty  the  neck  being  of  mode- 
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ratelength.  'niebeak(Fig.l25,&)isofordiiiaTysize,but 
of  strong  constniction,  the  upper  mandible  projectmg 
moie  or  less  completeljr  OTer  the  lower  one.  The  legs  are 
shortened,  and  are  in  many  caaes  covered  witb  feathen, 
even  to  the  tarsi  and  toei.  The  three  front  or  anterior 
toea  are  well  developed,  the  hinder  toe  being  generally 
of  amall  eize,  and  elevated  on  the  poaterior  aspect  of 
the  tarsus  (Fig.  125,  c),  vrhich  also  bears,  in  the  majority 


a,  Skelaton  of  foot  ft  OKrlch  (SInilJUo  canuliu),  ibowlng  tlu  tiro  kw« ;  b, 
bead  of  Common  PheuoDt  (Phwlanui  CclcMciu) ;  c,  toot  oC  I>oio«tie 
TatktJ (MiUofrii gaBopaiio),  ibiTiriiig Iht fauHl  "(par." 

of  instances,  one  or  two  spurs,  constituting  powerful 
weapons  of  attack  or  defence.  The  toes  are  armed  with 
short,  blunt  naite,  suited  for  scratching  the  groun*) 
in  search  of  the  grain  and  seeds  upon  which  these 
birds  Buhaist.  The  wings  are  generally  of  weak  con- 
struction ;  the  pinmage,  however,  exhibiting  in  most 
inatancee  great  brilliancy  of  cobar. 
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These  forms,  exemplifying  the  typical  Gianiyorons 
or  Grain-eating  Birds,  accordingly  exhibit  in  highest 
perfection  the  form  of  digestive  apparatus  specially 
adapted  for  such  a  diet.  The  structure  of  such  an 
aUmentaiy  tract  has  already  been  described  (Fig.  122) ; 
the  chief  points  to  which  attention  need  here  be  directed 
being  the  large  size  of  the  crop,  together  with  the 
muscularity  and  development  of  the  gizzard.  The 
young  typically  exemplify  the  AtUophagous  section 
of  the  class,  in  that  they  are,  immediately  after  biith, 
comparatively  independent  of  the  parents'  care  and 
support 

The  order  is  divided  into  two  sections  or  sub-orders, 
in  the  first  of  which,  that  of  the  (a)  GaUtruieet,  all  our 
domestic  Fowls  are  included.  Of  this  group  the  most 
important  families  are,  firstly,  the  Tetraonidce,  repre- 
sented by  the  Grouse  (Tetrao) ;  Ptarmigan  [Lagopus) ; 
Partridges  (Perdix);  and  Quails (Cohimia;);  andsecondly, 
the  Plutsianidce  or  Pheasants,  forming  the  second  family, 
and  including  the  Pheasants  (P^o^nu^) ;  Turkeys  (if efe- 
agris) ;  the  Common  Fowl  (Gdlltis),  and  other  familiar 
forms.  The  (b)  Columbacei  or  Doves,  forming  the  re- 
maining sub-order,  possess  powerful  wings,  and  have  the 
hinder  toe,  as  well  as  the  anterior  toes,  well  developed. 
The  ordinary  Pigeons  {Golumhidce) ;  the  Ground  Pigeons 
^Gouridae) ;  and  Tree  Pigeons  {Treromdce)^  exemplifythis 
lattergroup,  which  also  includes  a  singularcreature  named 
the  Dodo,  and  which  is  classified  in  a  special  family,  that 
of  the  DididcB,  The  Dodo  was  a  bird  of  large  size,  which 
inhabited  the  island  of  Mauritius  towards  the  close  of 
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the  sixteenth  century,  after  which  period  it  was  extir- 
pated by  the  hand  of  man,  our  knowledge  of  its  structure 
and  habits  being  obtained  from  detached  remains,  from 
paintings,  and  also  from  contemporaneous  literature. 
The  Dodo  was  a  bird  of  heavy  appearance  and  clumsy 
gait,  the  wings  being  rudimentary,  and  the  feet  of  short 
stunted  description.  The  feet  presented  Rasorial  cha- 
racters, although,  from  its  general  conformation,  some 
authorities  would  incline  to  classify  it  with  the  Cursorial 
Birds.  A  companion  example  to  the  Dodo,  of  extermi- 
nation by  the  hand  of  man,  is  found  in  the  case  of  the 
Solitaire,  a  form  which  once  inhabited  the  neighbouring 
island  of  Eodriguez,  and  which,  from  the  description  of 
voyagers  and  travellers,  would  appear  to  have  resembled 
the  Dodo,  like  the  latter  form,  the  work  of  extermina- 
tion has  grouped  the  Solitaire  with  non-existing  species ; 
the  deficiency  in  the  powers  of  flight  ensuring  the 
ultimate  and  easy  destruction  of  these  and  allied  forms. 
Order  5.  Scansorea  (Climbers). — ^The  members  of  this 
group  are  distinguished  by  the  disposition  of  the  four 
toes,  which  are  directed — ^two  forwards  and  two  back- 
wards (Fig.  126,  b),  an  arrangement  enabling  these  Birds 
to  grasp  objects  with  great  facility,  and  thus  assist 
them  materially  in  climbing.  The  outermost  of  the 
ordinary  front  toes  is,  by  this  arrangement,  therefore 
turned  backwards,  to  form,  with  the  posterior  great  toe, 
opposing  digits  to  the  two  remaining  and  front  toes. 
The  beak  is  formed  upon  one  or  other  of  two  distinct 
types.  In  the  first  of  these,  exemplified  by  the  Parrots 
(Fig.  126,  a),  the  upper  mandible  is  hooked  and  pro- 
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jectdng,  and  thus  forms  a  powetfal  instnimeut  in  tbe 
pseudo-maaticaticm  of  fruit  and  seeds,  apoB  which  these 
and  allied  forms  snbdst.  In  other  forms,  which  feed 
upon  insects,  such  ae  the  Cuckoos  and  Woodpecken, 
the  beak  is  slender  and  elongated,  the  extiemity  being 
in  some  instances  truncated,  or  in  other  cases  pointed, 
and  furnished  with  toothed  projections. 


Fig  IH.  SMinaan 


a.  Head  ot  Ills  Purot  (IrU  atriplubu) ;  I.  foot  ot  iToiT'bUled  Woodpecks 

(Jfciu  prinrfpnJit) ;  c,  bud  of  Pertgrino  F»Ioon  (Falflj  ptngriva) ;  rf. 
foot  of  Ooldeu  Bigle  (AquUa  dHjiaiUiX 

The  ChiCvlidcB  or  Cuckoos ;  PieidcB  or  Woodpeckers ; 
Psitiaeidm  or  Parrots ;  and  Toucans  (ISiamphastida), 
typically  exemplify  the  order. 

Order  6.  Ititeasoree  {Paeeeres),  (Perchers). — This  gronp 
is  the  most  extensire  of  the  class,  including,  as  it  does, 
the  great  majority  of  our  common  and  fomihwr  Birds. 
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The  Iraestorial  or  Passerine  Birds  ore  distinguished 
chiefly  by  their  negative  choracteriBtica,  or,  in  other 
woida,  by  the  want  of  the  apetM  and  diagnostic 
featares  which  characterim  the  other  orders  of  the 


a,  CoHimtm ;  head  of  (Virion  Crow  (Ctmii  a/rvHt) ;  i,  foot  of  C»rri"n 
Cmw;  {,  DcHtlrtitnt ;  had  of  SlDgiDC  Thnub  (rardui  vtmitiu);  d. 
Tnulmtrtt!  bad  of  Tapu  HnidmlDg-bliil  (TrMlbUui  prlla) ;  (.  Fiai- 
mMm;  btul  of  SmUox  (filrwida  rvtUeaX 

class.  In  general  they  are  of  small  size  ;  the  lega  are 
usually  slender,  and  of  the  four  toes  with  which  they 
ate  provided,  three  are  eitoated  anteriorly  (Fig,  127,  b), 
the  foorth  being  OTdinarily  directed  backwards,  although 
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in  several  instances,  and  most  notably  in  the  case  of 
the  Swifts,  the  whole  of  the  toes  aie  turned  forwards. 
The  structure  of  the  foot,  the  disposition  of  the  toes, 
and  the  muscular  arrangements  of  the  log,  are  eminently 
adapted  for  perching;  and  also  serve  as  important 
aids  in  the  construction  of  the  nest,  the  many  varieties 
of  which  form  a  characteristic  feature  of  the  group. 
The  wings  are  in  general  large,  and  the  power  of  flight 
is  possessed  in  great  perfection  throughout  the  group. 

The  variations  in  the  conformation  of  the  beak  afford 
means  of  classifying  this  extensive  group,  which  is 
accordingly  divided  into  four  sub-orders. 

Sub-order  (a)  Dentirostrea. — ^This  group  includes  the 
ShnkQa(LaniidoB);  Thrushes  and  Blackbirds  {Mertdidat); 
Flycatchers  (Mttscicapidce) ;  and  Warblers  {Sylviadce)  ; 
in  all  of  which  forms  the  upper  mandible  is  more  or 
less  hooked^  and  toothed  or  serrated  at  its  tip  (Fig. 
127,  c). 

Sub-order  (6)  Conirostres. — ^The  members  of  this 
group  are  distinguished  by  the  conical  shape  of  the 
bill  (Fig.  127,  a),  and  by  the  absence  of  notches  in 
the  upper  mandible.  Crows,  Magpies,  and  Jays  {Cor- 
vidce) ;  Starlings  {Stumidci) ;  Finches,  linnets,  and 
Larks  {Fringillidc^ ;  represent  this  sub-order. 

Sub-order  (c)  Tenuirostres, — ^The  Creepers  (CerthicUB) ; 
Humming  Birds  (TVoc^t^ieto),  and  Hoopoes  (Upupidoe), 
representing  this  group,  are  distinguished  by  the  slender 
and  pointed  conformation  of  the  beak  (Fig.  127,  d^ 
which  in  some  cases  is  straight,  or  in  others  curved  to 
a  greater  or  less  degree.    The  majority  live  on  insects. 


INSESSORES.  465 

but  certain  species  subsist  on  the  juices  of  flowers,  the 
tongue  being  in  the  latter  case  specially  adapted,  as 
previously  noticed,  for  the  function  of  imbibing  the 
delicate  fluids  of  plants.  These  latter  forms  are  repre- 
sented by  the  many  species  of  Humming  Birds,  which 
are  noted  alike  for  the  delicacy  of  their  form,  the 
brilliance  of  their  plumage,  and  their  peculiar  geogra- 
phical distribution,  which  latter  feature  has  been  thus 
described  by  Professor  Allman : — "  While  all  these 
beautiful  little  creatures  are  absolutely  confined  to 
America,  they  have  a  singularly  wide  distribution  in 
latitude.  The  centre  of  their  area  is  Equatorial 
America,  where  a  tropical  sun  is  flashed  back  from 
their  plumage  of  emerald,  and  sapphire,  and  ruby ;  and 
yet  specimens  have  been  brought  &om  Sitka,  on  the 
Pacific  coast  of  Eussian  America  3  while  south  of  the 
equator  they  extend  their  range  as  far  as  the  desolate 
shores  of  Tierra  del  Fuego." 

Sub-order  (d),  Fusirostrea. — ^The  beak  in  this  group 
is  more  or  less  deeply  cleft,  by  the  line  of  separation  of 
the  mandibles  being  continued  far  backwards  on  the 
head  (Fig.  127,  c).  The  mouth  or  "gape,"  being  thus 
rendered  wide  and  capacious,  aids  in  the  capture  of 
insects,  which  these  Birds  pursue  on  the  wing,  and  on 
which  they  principally  subsist.  The  margins  of  the 
gape  are  provided  with  bristle-like  filaments,  which 
also  assist  in  the  capture  of  the  insect-prey. 

Swallows  (HirundinidcB) ;  Swifts  (Cypaelidce) ;  Goat- 
suckers (CaprimulgidcB),  and  Kingfishers  {AlcedinidvB^j 
typically  represent  this  latter  group. 

2n 
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Order  7.  Eaptares  (Birds  of  Prey). — ^The  Bog^riaJ 
Birds,  lepiesented  by  the  Eagles,  Falcons,  and  Hawks 
{Accipitrince) ;  and  by  the  Owls  {Strigidce),  aie  distin- 
goished  by  their  predaceoos  habits,  which,  together  with 
the  concomitant  strnctoial  features,  render  the  group 
one  of  the  best  defined  orders  of  the  class.  The  upper 
mandible  projects  beyond  the  lower  one  (Fig.  126,  e), 
and  being  hooked  at  its  extremity,  and  sometimes 
serrated  or  toothed  along  its  edges,  constitutes  the  chief 
agent  in  the  tearing  and  division  of  the  prey.  The 
legs  are  generally  short,  but  are  extremely  muscular  and 
strongly  set  The  toes  are  four  in  number,  three  being 
situated  anteriorly,  and  one  posteriorly  (Fig.  126,  d) ; 
whilst  each  toe  is  armed  with  a  sharp  hooked  claw,  or 
"talon,"  as  it  is  technically  called.  The  wings  are 
large,  and  the  powers  of  flight  are  accordingly  yeiy 
great.  The  young  correspond  to  the  ELeteragh/ajgoiu 
section  of  the  class,  being  bom  in  a  comparatively  im- 
mature state,  and  being  entirely  dependent  for  a  longer 
or  shorter  period  on  the  care  of  the  parent-bird. 

The  Raptorud  Birds  fEdl  into  two  natural  groups, 
characterised  by  the  period  of  the  day  at  which  they 
respectively  fly  abroad.  Thus  the  Eagles,  Hawks, 
Kites,  Falcons,  and  Vultures  (VidturidcB),  exemplify  the 
Diurnal  Raptares;  whilst  the  Owls  represent  the  Nae- 
tumal  Birds  of  Prey. 

Order  8.  Saururoe. — ^This  order  includes  but  a  single 
extinct  form  (Fig.  128),  to  which  the  name  of  Archa- 
opteryx  or  "Ancient-wing,''  has  been  given.  Fossil 
remains  of  this  form  have  been  found  in  the  Oolitic 


SACBUIlf.  467 

limestone  of  Germany,  in  common  with  the  remains 
of  the  Ichthyosawua  and  Pterodactyl.  Some  doubt 
exists  as  to  the  true  nature  of  this  singular  fossil, 
which,  whilst  it  shows  undoubted  maiks  of  identity 
with  the  structuie  of  the  Bird,  bears  close  relations 
to  the  Beptilian  type  of  stroctnre  aleo. 

The  wing  was  provided  with  two  &ee  claws  (Fig. 
ISSj/Xftudthetail,  which  was  "longer  than  the  body," 


BatontlDD  ud  put*  at  ■kalotan  oT  ArtSaopttTi/x  macnra  (OoUtlc) 
(Owsn) ;  a.  TartebiB  of  UU ;  A,  pelrU ;  c,  tBrniir ;  if,  hnnwriu ;  (,  Ion- 
um ;  /.  tarmlul  tne  digtts  of  wing. 

was  composed  of  distinct  vertebrBB  (a),  but  destitute  of 
a  "  pygostyle  "  or  "  ploughshare-bone."  These  features, 
together  with  other  anomalous  structural  points,  tend 
to  render  the  exact  position  of  the  Arekeeopleryx  a 
matter  of  theory  and  speculatioa  An  idea  of  the 
appeEkrance  of  this  cnrioos  form  will  be  best  obtained 
from  the  accompanying  illustration  (Fig.  128),  depicting 
the  Arehai^teryx  in  its  restored  state. 


CHAPTER  XXVII. 

VBRTEBRATA. 

Provincb  C. — Mammalia. 

Class  V. — Mammalia. 

General  Characters  and  Classification  of  Mammalia. 

Thb  class  Mammalia  includes  those  animals  familiarly 
known  as  Qaadrupeds,  and  which  may  be  shortly  de- 
fined as  "warm -blooded,  air -breathings  Tiviparoas 
Vertebrates."  In  this,  the  highest  division  of  the 
animal  series,  the  perfection  of  organs  and  functions 
is  accordingly  attained;  the  boundaries  of  the  class 
being  defined  by  several  well-marked  and  special 
characteristics.  The  diagnostic  features  of  the  group 
consist,  firstly,  in  the  nature  of  the  body-covering, 
which  consists  of  hairs,  the  development  of  these 
appendages  varying  greatly  throughout  the  group.  A 
second  and  highly  distinctive  feature  of  the  Mammalia 
is  found  in  the  possession  by  these  animals  of  ^'  mam- 
mary glands,"  or  special  organs  devoted  to  the  secre- 
tion of  milk,  by  means  of  which  the  young  animal  is 
nourished  for  a  longer  or  shorter  period.  The  struc- 
ture and  relations  of  the  lungs  form  a  third  character- 
istic of  the  group,  these  organs  existing  in  the  present 
instance  as  closed  sacs,  suspended  in  a  shut  cavity,— the 
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"  thorax "  or  chest,  which  is  now  separated  from  the 
ahdomen  by  a  muscular  partition,  known  as  the  *^  dia- 
phragm "  or  "  midriff"  (Fig.  92,  /).  The  blood  of  the 
Mammalia  is  warm  ;  and  the  blood-corpuscles  present 
a  fourth  distinctive  feature  of  the  class,  in  that  they 
are  '^  non-nucleated "  (Fig.  94,  A),  and  in  the  great 
majority  of  instances  are  more  or  less  circular  in  form. 
The  skull  articulates  with  the  spine  by  means  of  two 
**  occipital  condyles ;"  and  the  lower  jaw,  the  halves  of 
which  consist  each  of  a  single  piece  only,  articulates 
directly,  and  of  itself,  with  the  skull.  These  characters, 
contrasting  forcibly  with  the  disposition  of  the  homo- 
logous structures  in  the  Saurqpsida,  form  a  fifth  charac- 
teristic of  the  class. 

The  disposition  of  the  circulatory  organs  is  essenti- 
ally similar  to  that  foiind  in  Birds ;  the  heart  in  the 
Mammalia  consisting  of  four  chambers,  and  the  venous 
being  distinct  from  the  arterial  circulation.  The  ner- 
vous system  exhibits  certain  features  of  structural  per- 
fection, to  be  afterwards  more  particularly  noticed ;  and 
when  we  lastly  observe  that  the  reproduction  is  essen- 
tially and  typically  of  the  "  viviparous  "  description,  we 
shaU  have  completed  the  ordinary  definition  of  this 
important  group. 

The  general  morphology  and  physiology  of  the  Mam' 
malia  having  been  already  described  in  the  introduction 
to  the  Vertebrata^  it  will  be  unnecessary  in  the  present 
instance  to  enlarge  upon  the  more  general  points  of 
structure :  the  few  remaining  and  more  special  features 
in  the  various  systems  and  organs  may  therefore  be 
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briefly  described  by  way  of  introductiozi  to  the  classifi- 
cation of  the  diyisioD. 

The  skin  of  mammaLsy  as  already  noticed,  is  more 
or  less  abundantly  covered  with  epidermic  appendages 
known  as  "  hairs."  The  development  of  these  stmc- 
tares  varies  greatly  throughout  the  class,  the  Cetaeea  or 
Whales  presenting  the  most  noted  exception  to  the  rule, 
in  that  the  bodies  of  these  creatures  are  in  many  cases 
totally  destitute  of  hairs.  Modifications  of  the  ordinaiy 
epidermal  covering  of  Mammals  are  found  in  the  scales 
and  bony  plates  of  certain  Edentata,  such  as  the  Anna- 
dillos ;  and  in  the  bristles  and  spines  of  the  Hedgehog 
and  Porcupine  ;  the  homology  of  these  modified  stnie- 
tures  with  hairs,  as  productions  of  the  epidermis,  being 
readily  traceable. 

The  skeleton  of  the  Mammalia  (Fig.  91),  whilst 
exhibiting  a  very  decided  affinity  of  type  throughoot 
the  group,  presents,  in  certain  instances,  marked  devia- 
tions from  the  typical  plan  of  structure.  Thus  the 
Cetaeea  or  Whales,  as  fitted  for  an  aquatic  existence, 
diverge  most  widely  in  the  disposition  of  their  skeleton 
from  the  ordinary  type ;  and  modifications  in  parts  and 
regions  are  accordingly  to  be  observed  in  this  instance. 
The  vertebral  column  is,  however,  generally  divisible 
into  the  regions  previously  described.  The  cervical 
segments  (Fig.  91,  b)  present  the  greatest  constancy  in 
number,  these  vertebrae  rarely  exceeding  seven.  The 
dorsal  region  (Fig.  91,  d)  generally  consists  of  from 
ten  to  twenty  or  more  vertebrse,  this  region  thus  ex- 
hibiting great  variations  in  length.      The  spinous  or 
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neural  processes  of  the  dorsal  yertebrsB  are  usually 
large  and  well  developed,  to  afford  attachment  to  the 
ligaments  which  support  the  head,  the  chief  of  these 
being  known  as  the ''  ligamentum  nuchas."  The  lumbar 
▼ertebrsB  (e)  rarely  exceed  seven  in  number,  and  the 
sacral  region  is  composed  of  from  two  to  five  segments, 
which  in  most  cases  are  ossified  together,  to  form,  in 
the  adult  animal,  a  single  bone — ^the  sacrum  (/).  In 
the  Cetacea  the  sacrum  is  wanting.  The  caudal  ver- 
tebrsB  {g\  constituting  the  tail,  are  subject  to  great  varia- 
tion in  number.  In  Man  these  vertebrae  are  abortive, 
and  are  represented  by  four  small  segments  forming  the 
''coccyx;"  whilst  in  ordinary  cases  they  are  exceed- 
ingly numerous,  and  vary  in  number  from  fifteen  to 
forty  segments. 

The  ribs  (A),  forming  the  sides  of  the  thorax  or 
chest,  correspond  in  number  with  the  dorsal  vertebrae, 
and  are  usually  divided  into  the  "  true  "  and  ''  false  " 
ribs.  The  former  are  joined  to  the  sternum  or  breast- 
bone by  cartilages  (t) — ^the  homologues  of  the  sternal 
ribs  of  Birds  and  Eeptiles — and  to  which  the  term 
''  costal  cartilages?  is  applied ;  the  ''  false  ribs,"  on  the 
contrary,  are  short  and  stiinted,  and  are  not  joined  to 
the  sternum.  The  breastbone  is  generally  flattened 
from  before  backwards,  and  is  but  rarely  compressed 
from  side  to  side.  The  keel  or  ridge,  forming  so  pro- 
minent a  feature  in  the  sternum  of  Birds,  is  observable 
in  a  greatly  modified  form,  in  a  few  instances  (Bats, 
Moles,  etc.)  only.  The  bones  of  the  shoulder-girdle 
vaiy  in  number   and  development.      A   scapula  or 
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shoulder-blade  (Fig.  91,  c),  is  invariably  present,  but 
the  clavicles  or  collar-bones  may  be  rudimentary,  as  in 
the  Carnivora  (Fig.  91,  As),  or  altogether  wanting,  as 
exemplified  by  the  Cktaceay  UnguUstOy  etc  The  cora- 
coid  bon&— so  remarkable  an  element  in  the  pectoral 
arch  of  the  Bird  (Fig.  119,  a) — ^is,  in  nearly  every  in- 
stance, ossified  to,  and  forms  a  mere  process  of,  the 
scapula;  whilst  the  clavicles  or  '^ collar-bones "  axe 
never  united  together  to  form  a  distinct  ''  furculum/' 
or  "  merry-thought,"  as  in  Birds. 

The  anterior  limbs  are  invariably  present  in  Mam- 
malia,  although  the  skeletal  elements  of  these  members 
vary  greatly  in  development  The  humerus  (Fig.  91, 
I)  is  generally  to  be  recognised,  and  the  radius  and 
tdna  (m,  n),  whilst  usually  existing  as  distinct  bones, 
are  sometimes  ossified  together,  to  form  a  single  bone. 
The  carpus  (o)  is  formed  by  an  inconstant  number  of 
small  bones,  arranged  in  a  double  row ;  and  the  meta- 
carpus {p)  is  generally  composed  of  five  bones,  although 
this  arrangement,  in  certain  hoofed  quadrupeds,  is 
widely  departed  from.  The  number  of  digits  is  also 
usually  five,  but  the  disposition  of  these  bones  varies 
greatly  throughout  the  group.  The  thumb  digit  may 
be  absent  or  rudimentaiy ;  this  latter  finger  being  com- 
posed of  two  phalanges,  whilst  the  other  digits  usually 
possess  three. 

The  pelvic  arch  is  subject  to  great  modifications, 
and,  as  in  the  Cetcieea,  may  be  of  very  rudimentaiy 
description.  The  "innominate  bones"  (Fig.  91,  r), 
forming  the  sides  of  the  pelvis,  are  in  the  fully-grown 
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animal  usually  united  to  the  yertebral  column,  and  are 
also  joined  together  in  the  middle  line  by  ossification, 
or  by  firm  cartilaginous  attachments ;  but  in  some  cases 
the  halves  of  the  pelvic  arch  are  merely  united  by 
ligamentous  tissues.  The  hind  limbs  are  sometimes 
wholly  wanting,  as  in  the  Cetacea ;  but  when  present 
these  members  generally  exhibit  the  typical  parts  al- 
ready described.  The  tibia  (u)  and  fibula  (v)  may  be 
united  together  in  an  incomplete  manner,  the  latter 
bone  being  present  in  several  instances  in  a  rudiment- 
ary condition.  Tbe  metatarsal  bones  (x),  like  their 
prototypes  of  the  pectoral  members,  vary  in  number, 
development,  and  disposition.  Tbe  foot  is  composed 
usually  of  five  digits,  the  terminal  phalanges  of  both 
anterior  and  posterior  members  being  generally  provided 
with  claws,  hoofs,  or  nails. 

The  skull  (a)  articulates  with  the  vertebral  column 
by  means  of  two  occipital  ''condyles,"  and  exhibits  a 
material  divergence  from  the  Sauropsidan  type,  in  the 
simple  structure  of  the  "  rami,"  or  halves  of  the  lower 
jaw ;  and,  as  previously  observed,  in  the  absence  of  an 
"08  quadratum" — the  lower  jaw  articulating  directly 
with  the  cranium.  The  facial  bones  are  firmly  united 
together  by  anchylosis,  or  bony  union,  and  the  ''  cranial 
sutures,"  or  junctions  of  the  cranial  bones,  generally 
remain  visible  throughout  life,  and  do  not,  as  in  Birds, 
become  early  and  permanently  obliterated. 

The  digestive  system,  presenting  a  uniformity  of 
type  throughout  the  class,  has  been  already  noticed  in 
detail.     The  teeth,  however,  demand  special  attention, 
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as,  on  their  structure  and  disposition  in  the  Tarions 
orders,  the  ordinary  classification  of  the  Mammalia 
has  been  principally  based. 

Two  sets  of  teeth  are  found  throughout  life  in  the 
majority  of  Mammals.  The  first,  termed  the  "  decidu- 
ous," "  milk,"  or  "  temporary  "  set,  is  developed  at  an 
early  period  of  the  animaVs  existence,  and,  as  its  name 
implies,  gives  place  at  a  sooner  or  later  period  to  the 
second  and  ''permanent"  set.  Those  Mammals  in 
which  the  perfection  of  dental  development  is  thus 
reached,  have  accordingly  been  termed  "  Diphyodont " 
Mammalia  ;  whilst  those  forms  which  possess  only  one 
set  of  teeth  are,  in  contradistinction,  named  "  Mono- 
phyodont "  Mammalia.  The  teeth  are  lodged  in  dis- 
tinct sockets,  or  "alveoU,"  and  are  confined  in  their 
disposition  to  the  jaw-bones ;  these  latter  features  form- 
ing a  strong  contrast  to  the  arrangements  observed  in 
the  majority  of  the  lower  Yertebrata.  Eegarding  the 
homology  of  the  teeth,  it  may  be  well  to  notice  that 
comparative  anatomists  are  by  no  means  well  agreed ; 
one  party  maintaining  the  identity  of  the  teeth  with 
other  and  "  dermal "  secretions,  whilst  the  other  side 
seek  to  show  the  homology  of  the  teeth  with  the  true 
osseous  materiaL  In  other  words,  the  advocates  of  the 
former  theory  regard  the  teeth  as  belonging  to  the  exo- 
skeleton,  whilst  the  latter  consider  that  these  organs  are 
more  properly  included  as  parts  of  the  endoskeleton. 

The  intimate  structure  of  the  teeth  is  essentially 
similar  throughout  the  class ;  the  various  elements 
exhibiting  slight  variations  in  disposition,  in  accoid- 
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anco  with  the  paiticolar  food  of  the  included  forma. 
ThuB,  as  exhibited  in  the  diagrammatio  section  of  an 
incisor  tooth  from   the  human  subject  (Fig.  129,  B), 
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the  body  of  the  tooth  (d)  is  composed  of  a  aubetance  to 
which  the  name  of  "dentine"  or  " ivory"  is  given; 
the  fang  or  root  is  invested  by  a  layer  of  "  cementum  " 
or  "  cement "  (c  c)  ;  whilst  the  "  crown  "  is  covered  by 
a  snbetance  of  great  hardness  termed  "  enamel"  (a  e), 
and  which  serves  on  this  account  to  protect  the 
"  crown,"  and  prevent  the  too  rapid  attrition  or  wear 
of  the  tooth.     Internally,  the  pulp-cavi^  (p^  of  the 
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tooth  is  seen.  This  cavity  contains  a  higUj-vascnlar 
tissue,  richly  supplied  with  nerves,  and  termed  the 
**  dental  pulp  ;"  the  development,  growth,  and  nourish- 
ment of  the  dental  tissues  being  carried  on  by  means 
of  this  structure. 

Eegarding  the  form  and  functions  of  the  teeth,  four 
varieties  are  to  be  distinguished.  The  first  kind  com- 
prehends the  "  incisor  "  or  "  cutting"  teeth  (Fig.  129,  A, 
C,  i).  These  are  placed  in  the  front  of  the  jaw  (Kg. 
129,  C,  i^  i%  and  are  characterised  by  their  sharp  dusel- 
like  edges.  Functionally,  the  incisors  are,  as  implied  by 
their  name,  the  "  cutters  "  or  "  dividers  "  of  the  food, 
and  in  the  Bodentia,  exemplified  by  the  Hare,  Beaver, 
etc,  the  incisor  teeth  are  greatly  developed,  and  form 
the  organs  with  which  the  "gnawing"  operations  of 
these  creatures  are  carried  on.  The  second  series  of 
teeth  are  known  as  the  "  canine "  or  **  eye "  teeth 
(Fig.  129,  A,  C,  c).  These  teeth  are  situated  next  the 
incisors  in  each  side  of  the  jaw,  and  derive  their  name 
from  the  fact  of  their  especial  development  in  the 
Camivora,  exemplified  by  the  lion.  Dog,  etc.  The 
"  bicuspid,"  "  prsemolar,"  or  "  false  molar"  teeth  (6^  h% 
succeed  the  ''  canines,"  and  are  distinguished  by  their 
relatively  broader  crowns,  each  ''  bicuspid  "  tooth  bear- 
ing on  its  crown  two  points  or  cusps,  from  the  posses- 
sion of  which  the  name  of  these  teeth  is  derived. 
The  fangs  of  the  '*  bicuspid  "  teeth  further  exhibit  a 
tendency  to  become  bifurcated,  or  divided  in  two.  The 
fourth  and  last  variety  of  teeth  is  known  as  the 
"molars  "  or  " grinders  "  (Fig.  129,  A,  C,  m^  m*  m*^ : 
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these  teeth,  possessing  two  or  even  three  fangs,  and 
being  distinguished  by  their  broad  flattened  crowns, 
which  adapt  them  for  the  particular  function  of  crush- 
ing and  grinding  the  food.  The  molars  of  the  upper 
jaw  in  the  human  subject  possess  four  cusps,  whilst 
those  of  the  lower  jaw  are  provided  with  five  points. 
The  ''  deciduous"  or  milk  set  of  teeth  is  composed  of 
three  kinds  of  teeth  only ;  incisors,  canines,  and  pne- 
molars ;  the  true  molars  being  thus  unrepresented  in 
the  mOk  set,  and  making  their  appearance  for  the  first 
time  in  the  permanent  set 

These  various  and  typical  varieties  of  teeth,  although 
fully  represented  in  the  higher  forms,  are  not  neces- 
sarily present  in  their  entirety  throughout  the  whole 
class ;  on  the  contrary,  we  find  many  and  very  great 
modifications  in  the  number  and  disposition  of  the 
teeth  as  we  descend  the  scale;  the  arrangements  of 
necessity  varying  with  the  life  and  habits  of  the 
animaL  The  various  modifications  of  dental  structure 
and  arrangement  will  therefore  be  more  appropriately 
treated  of  under  the  various  subdivisions  of  those  groups 
in  which  the  most  typical  variations  occur  ;  but  it  may, 
however,  be  appropriate,  in  the  present  instance,  to 
notice  the  means  adopted  by  naturalists  to  express 
the  dental  arrangement  of  a  particular  animal  or  group. 
For  the  sake  of  brevity  and  convenience,  the  zoologist 
employs  a  particular  arrangement  of  signs  and  num- 
bers, corresponding  to  the  kinds  and  number  of  the 
teeth,  and  to  this  arrangement  the  name  of  ''  dental 
formula''  has  been  given.      The  following  formtda, 
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representiDg  the  dentition  of  the  adult  human  subject^ 
in  whom  thirty-two  teeth  are  found,  will  serre  to 
illustrate  the  system  under  consideration : — 


I  ^  C  i^l  B  or  PM  1^5  MS  =32 

In  the  above  formula,  therefore,  the  letter  I  indicates 
the ''  incisor ''  teeth,  which,  from  their  central  position  in 
the  jaw  (Fig.  1 29,  C,  i^  t*)  are  first  examined.  The  figures 
above  the  horizontal  line  represent  the  incisor  teeth  in 
the  upper  jaw,  and  these  upper  figures  are  further 
subdivided  to  represent  the  incisor  teeth  in  each  half 
of  the  upper  jaw.     In  a  similar  manner  we  express 
the  number  of  incisor  teeth  in  the  lower  jaw  by  plac- 
ing figures  below  the  line,  and,  as  before,  indicate  the 
number  of  teeth  in  each  half  or  side  of  the  jaw,  by 
dividing  the  lower  figures.    The  other  teeth  are  simi- 
larly dealt  with,  and  the  whole  formula  accordingly 
reads  thus : — Incisor  teeth,  two  in  each  half  of  the 
upper  jaw,  and  two  in  each  half  of  the  lower  jaw — ^four 
in  each  jaw,  or  eight  in  all :  Canine  teeth,  one  in  each 
half  of  upper,  and  one  in  each  half  of  lower  jaw,  or 
four  in  all :  PrsBmolars  or  Bicuspids,  two  in  each  half 
of  upper,  and  two  in  each  half  of  lower  jaw,  or  eight 
in  all ;  and  Molars,  three  in  each  half  of  each  jaw,  or 
twelve  in  all ;  making  a  total  of  thirty-two  teeth — ^the 
number  of  teeth  in  the  permanent  set  of  man.     Or,  if 
we  wished  to  express  the  dentition  of  the  Feline  Car- 
nivora,  comprising   the  lions,  tigers,   cats,  eta,  the 
following  formula  would,  in  a  similar  manner,  be  co^ 
structed : — 
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I  S   C   ^   PM   »ej   M   1^  =  30. 

In  the  latter  example  we  have  three  incisors  in  each 
half  of  each  jaw ;  the  canines  exist  as  in  man ;  the 
pnemolars  nnmher  three  in  each  half  of  the  upper 
jaw,  and  two  in  each  half  of  the  lower  jaw  ;  whilst  the 
molars  exist  to  the  number  of  one  in  each  side  of  each 
jaw ;  and  the  total  number  of  teeth  in  the  Felidce  is  there- 
fore thirty.  Thus,  from  much  experience,  the  practised 
naturalist  is  enabled  to  tell  the  history  of  any  given 
animal  from  a  mere  inspection  of  its  "  dental  formula." 

The  intestine  in  the  lower  members  of  the  class  opens 
into  a  ''  cloaca,"  or  chamber  common  to  the  efferent 
ducts  of  the  alimentary  and  genito-urinary  systems. 

The  heart  (Fig.  92,  w)  is  enclosed  in  a  serous  sac  or 
"  pericardium,"  and  exhibits  the  highest  perfection  of 
structure.  The  circulation  in  Mammals  (Fig.  95)  has 
already  been  described.  The  lungs  (Fig.  92,  x)  are 
now  contained  in  the  thorax  or  chest,  a  cavity  enclosed 
by  the  ribs,  spinal  column,  and  breastbone,  and  par- 
titioned off  from  the  abdomen  by  a  "  diaphragm  "  (Fig. 
92,  j)f  which  is  to  be  regarded  as  the  principal  agent  in 
effecting  the  expansion  and  contraction  of  the  thorax 
in  the  movements  of  respiration.  The  lungs  are  thus 
closed  sacs,  and  present,  as  previously  remarked,  a 
striking  contrast  to  the  disposition  of  the  respirator}' 
system  in  Birds. 

The  nervous  system  in  the  lower  Mammalia  bears 
marks  of  close  affinity  to  the  conformation  of  the 
nervous  centres  in  the  preceding  class ;  but  in  the 
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liigher  membeis  of  the  group  the  "  cerebnim/'  or  tme 
brain  (Fig  92,  b\  shows  an  increased  development^  and 
assumes  a  relatively  larger  size  when  compared  with 
the  "  cerebellum  "  (e),  or  lesser  brain.  A  distinctive 
feature  between  the  higher  and  lower  Mammals,  and 
between  the  Mammalia  and  the  preceding  classes,  has 
been  founded  on  the  fact  that  the  "  corpus  callosum," 
or  great  commissure  of  the  brain — a  band  of  nervous 
matter  connecting  the  halves  or  "  hemispheres  "  of  the 
true  brain — is  distinctly  developed  in  the  higher  mem- 
bers of  the  group,  but  is  indefinite,  rudimentary,  or 
altogether  absent  in  the  lower  Mammalia, 

In  their  reproduction  Mammals  are  strictly  "  vivi- 
parous," the  young  being  thus  bom  alive,  and  in  a  com- 
paratively helpless  condition.  The  "amnion"  and 
"  allantois  "  are  developed  to  a  very  perfect  extent ;  the 
latter  structure  giving  origin,  in  the  higher  forms,  to 
the  embryonic  appendage  known  as  the  ^'  placenta,"  or 
oigan  by  means  of  wHch  a  vascular  connection  is 
maintained  between  the  embryo  and  the  parent  before 
birth,  or  during  the  period  of  intra-uterine  life. 

CiiASSiFiOATiON. — ^The  Mammalia  have  been  made 
the  subject  of  numerous  systems  of  classification ;  vari- 
ous and  widely  different  features  in  the  organisation  of 
the  group  having  been  made  the  bases  of  these  arrange- 
ments. Thus,  in  the  system  of  Professor  Owen,  the 
structure  and  relative  perfection  attained  by  the  brain 
has  formed  the  ground  on  which  the  class  has  been 
divided  into  four  sub-classes.     De  Blainville's  system, 
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relying  on  the  nature,  and  variationB  in  disposition,  of 
the  reproductive  organs,  subdiyides  the  Mammalia  into 
three  sub-classes ;  whilst^  according  to  the  older  mode  of 
classification,  the  presence  or  absence  of  a  ''placenta" 
has  been  used  to  subdivide  the  class  into  two  primary 
groups  or  sections.  The  first  system,  that  of  Owen, 
from  the  peculiarly  difficult  nature  of  obtaining  exact 
data  of  observation,  has  not  been  generally  accepted ; 
that  of  De  Blainville,  whilst  thoroughly  scientific,  is  of 
too  technical  a  character  for  our  present  requirements; 
and  the  third  system,  offering  simple  and  easily  under- 
stood features,  may  be  adopted  in  the  present  instance. 

The  various  orders  of  the  class,  grouped  under  the 
primary  sections  formed  by  these  various  S3rstems,  have, 
with  few  exceptions,  remained  intact ;  the  difference 
between  these  systems  of  classification  consisting  chiefly 
in  the  variable  nature  of  the  primary  sections  or  sub- 
classes of  each  author.  The  orders  of  Mammalia^  it 
may  also  be  well  to  mention,  have  been  subjected  to 
considerable  change  in  nomenclature  and  limits ;  more 
careful  examination  of  the  included  forms  resulting 
either  in  the  formation  of  new  orders,  or  in  the  exten- 
sion and  enlargement  of  the  old.  For  the  sake  of 
simplicity,  consistent  with  accuracy,  the  older  classifi- 
cation has  in  greater  part  been  retained. 

The  Mcanmdlia  are  thus  divided  by  the  presence  or 
absence  of  a  '*  placenta,"  into  the  (A)  Irnplacental  or 
Aplaeental  Mammals,  and  the  (B)  Pl^icentdl  MammdU  ; 
these  terms  being  synonymous  with  the  Lower  and 
Higher  Mammalia,   In  the  Implacenialia,  a  "  placenta '' 
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is  wanting,  and  the  young  ''  foetos  "  or  "  embiyo  **  is 
simply  retained  in  the  maternal  ateros,  without  possess- 
ing any  vascular  connection  with  the  mother.  The 
young  in  this  section  are  bom  in  a  compaiatiYely 
helpless  condition,  and  are  entirely  dependent  upon 
the  mother  for  support.  The  PlacerUalia  include  those 
Mammals  in  which  a  '^placenta"  is  present^  the 
*'  foetus"  thus  possessing  a  vascular  connection  with  the 
mother,  and  being  nourished  through  this  medium  by 
the  blood  of  the  parent  The  young  in  this  latter 
section  are  dependent  for  support  to  a  much  less  extent 
after  birth  upon  the  mother,  and  are  bom  in  a  com- 
paratively  advanced  state  of  perfection. 
The  Implaeentalia  include  the  two  following  orders : — 

Sub-class  A.     Imflacbntalia. 
Order  1.  MonotremcUa,    Ex.  OmithorhynchusL 
Order  2.  Marsupialia,    Ex.  Kangaroo,  etc. 

Under  the  Placentalia  the  following  orders  are  in- 

SuB-OLASS  B.    Plaokntalia. 
Order   3.  Edentata.    Ex.  Sloth,  eta 
Order   4.  Sirenia.    Ex.  Dugong,  etc. 
Order   5.  Getcieea,    Ex.  Whale,  etc 
Order    6.  Ungulaia.  Ex.  Horse,  Sheep,  Elephant^  etc 
Order   7.  CamitHmz,    Ex.  Don,  Dog,  etc 
Order   8.  Modentia.     Ex.  Bat,  Beaver,  etc 
Order   9.  Inaectioora.     Ex.  Mole,  etc 
Order  10.  Cheiroptera,    Ex.  Bat 
Order  11.  Qmdrumana,    Ex.  Monkey,  etc 
Order  12.  Bimana.    Ex.  Man. 


CHAPTEE  XXVIII. 

YERTEBBATA, 

Provikcb  C. — Mauhalia — {Continued), 

Cleissdfication  of  Mammalia. 

Sub-class  A.  Implacentalia. — In  this  section  of  the 
class  there  exists  no  '^  placenta,"  or  vascular  connection 
between  the  parent  and  ofGspnng  before  birth.  The 
**  corpus  calloeum/'  or  great  commissure  of  the  brain, 
forming  a  connecting  band  of  nervous  matter  between 
the  hemispheres  of  the  cerebrum,  is  imperfectly  deve- 
loped in  the  sub-class  before  us  j  indeed,  its  existence 
in  any  form,  and  however  rudimentary,  has  been  denied 
by  some  authorities.  The  only  other  feature  which 
may  be  alluded  to  in  describing  the  general  character- 
istica  of  these  forms,  is  their  geographical  distribution, 
which,  as  will  be  afterwards  noticed,  is  of  a  very  limited 
description. 

The  sub-class  contains  two  orders — the  first  of  which, 
that  of  the  Monotrematay  includes  two  genera  only ; 
the  Marsupialia,  forming  the  second  order,  being  a  more 
extensive  group,  and  being  represented  by  the  Kan- 
garoos, Opossums,  and  their  allies. 

Order  1.  Monotremata. — This  order  includes  but  two 
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genera,  both  of  which  are  confined  to  Australia.  In 
their  stmctoral  featmes,  the  ManoiremaUx  show  a  very 
decided  rektionship  to  the  preceding  class  of  Birda 
Thus,  the  bones  of  the  skull,  as  in  Birds,  are  united  to- 
gether at  an  early  period  of  the  animal's  exiBtence,  the 
sutures  being  obliterated ;  whilst  in  the  general  conform- 
ation of  thecranium,  in  the  broad  flattened  billinto  which, 
in  one  form,  the  &cial  bones  are  prolonged,  and  in  the 
peculiar  arrangement  of  the  bones  of  the  pectoral  aieb, 
the  special  characteristics  of  Bird-structure  are  cleadr 
diBcemible.  As  in  Birds,  also,  a  '*  cloaca,"  or  chamber, 
common  to  the  terminal  ducts  of  the  alimentary,  urinary, 
and  generative  systems,  exists,  and  from  this  latter  cir- 
cumstance the  technical  name  of  the  order  has  been  de- 
rived. The  fact  of  the  common  terminations  of  these 
various  systems  has  also  been  regarded  by  De  Blain- 
ville,  in  his  classification  of  the  Mammalia,  as  of  sufficient 
importance  to  justify  the  separation  of  the  Monciremaia 
to  form  a  distinct  sub-class,  under  the  name  of  Omt- 
thoddphia;  a  term  obtained  from  the  obvious  similarity 
of  this  arrangement  in  the  Manatremata  to  that  seen  in 
Reptiles,  and  more  especially  in  Birds.  The  Ondihorhyth 
ehuB,  "Duck-billed  Platypus,**  or ''Water-Mole  of  Austra- 
lia" (Fig.  130),  is  the  typical  representative  of  this  curi- 
ous group.  Externally,  this  animal  presents  the  follow- 
ing characters : — ^in  shape  it  somewhat  resembles  the 
Common  Otter  of  our  own  rivers ;  its  body  is  coated  with 
a  soft,  short,  brown  fur ;  the  tail  is  broad  and  flattened, 
and  serves  as  a  powerful  agent  in  swimming ;  the  legs 
are  shortened,  and  the  feet  are  each  terminated  by  five 
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toea,  famished  with  claws,  and  united,  as  ia  aquatic 
Birds,  by  a  web  or  membrane.  The  head  ia  small,  the 
jawB  terminating  in  the  broad  expanded  bill,  previously 
alluded  to,  and  from  which  the  term  "  duck-billed  "  has 
been  derived. 


The  chief  points  of  intereet  to  be  noticed  in  the 
osteology  of  the  group,  and  those  in  which  the  skeleton 
may  be  said  to  depart  from  Uie  ordinary  MAmmalian 
type  of  stmctore,  consist  in  the  conformation  of  the 
skull,  and  in  the  arrangement  of  the  pectoral  arch.  The 
cranium  proper  is  of  small  size,  as  compared  with  the 
&cial  bones,  and  the  jaws  are  either  covered,  as  in 
Omithorhynehus,  with  homy  plates,  or  are  destitute  of 
any  covering  whatever.  The  Echidna  exemplifiee  the 
latter  case ;  no  teeth  being  thus  developed  in  either 
genus.  The  bones  of  the  shouldor-giidle  approach  most 
nearly  to  the  Saunqmdan  arrangement,  in  that  the 
"  coracoid  bones  "  are  largely  developed,  and  articulate 
directly,  as  in  Birds,  with  the  sternum  ;  whilst  the  two 
clAvicles  unite  as  in  the  preceding  claea,  to  form  a 
T-shaped  bone — the  "furculuro,"  which   rests  upon 
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the  superior  aspect  of  the  stemunL  The  pelvis  bean 
some  lesemblance  to  that  of  BeptUia,  but  exhibits  cha- 
racteristics allied  to  the  stroctore  of  Birds  also.  Tbe 
most  remarkable  feature,  howeyer,  in  the  pelvic  oateo- 
logy  is  seen  in  the  peculiar  and  modified  strnctmes 
known  zfi  "marsupial  bones  (Fig.  131,  a  a).  These 
bones,  which  may  be  regarded  as  characteristic  of  the 
Implacentalia,  and  which  are  functionally  useless  in 
the  present  instance,  are  found  in  greater  perfection  in 
the  succeeding  order  of  the  Marsupialia  or  "  Pouched" 
Mammals.  They  consist  of  two  elongated  bones 
attached  to  the  front  of  the  pelvis  ;  their  office  being  to 
support  a  "  marsupium  "  or  "  pouch,"  which  is  used  in 
the  Marsupials  to  lodge  and  protect  the  young  in  the 
earlier  stages  of  their  growth.  The  homology  of  these 
peculiar  bones  has  formed  subject-matter  for  consider- 
ahle  discussion ;  but  they  are  now  generally  regarded 
as  ossifications  of  the  inner  tendon  of  the  "  external 
oblique  "  muscle  of  the  abdomen ;  and  as  such  are  to 
be  ranked  with  the  knee-cap  or  "  patella"  (Fig.  91,  f), 
and  the  other  sesamoid  bones  developed  in  the  muscu- 
lar or  tendinous  structures  of  the  great  toe  and  thumb 
The  OmithorhynchuB  (Fig.  130),  of  which  only  one 
species  {paradoxus)  has  as  yet  been  discovered,  appears 
to  be  mainly  insectivorous  in  its  habits,  feeding  upon 
insects,  worms,  etc.,  which  it  obtains  in  the  rivers,  the 
banks  of  which  it  firequents,  and  in  which  it  swims  with 
great  facility  by  means  of  the  webbed  feet  The  nest  is 
situated  at  some  distance  from  the  river-bank,  with 
which  it  communicates  by  an  undeiground  burrow,  often 
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of  consideiable  length.  The  male  Omithorhynchua  pos- 
sesses a  "spur"  (fig.  130),  attached  to  the  tarsi  of  the 
hind-1^8,  and  which  has  been  accordingly  termed  the 
"  cmnJ  spur."  This  structure  communicates  internally 
with  a  gland,  the  efferent  dnot  of  which  opens  at  the 
apex  of  the  **  spar."  The  function  of  this  peculiar 
appendagOi  which  would  seem  apparently  to  be  that  of 
an  offensive  apparatus,  has  not  been  accurately  deter- 
mined ;  these  creatures,  even  when  irritated,  making 
no  use  of  the  "  spur  "  as  a  means  of  defence. 

The  Echidna  or  Porcupine  Ant-eater,  forming  the 
remaining  genus  included  in  this  order,  and  of  which 
two  species  (E,  setosa  and  E,  hystriz)  are  known, 
differs  from  the  OmitJiorhynchus  in  being  covered  by 
bristly  spinea  The  jaws  are  prolonged  to  form  a 
snout,  at  the  extremity  of  which  the  nostrils  are  situ- 
ated. The  feet  are  provided  with  powerful  claws  ;  the 
toes,  however,  which  exist  to  the  number  of  five  on 
each  foot,  being  firee  and  ununited  by  a  web  or  mem- 
brane. The  mouth  is  destitute  of  teeth,  but  is  pro- 
vided with  an  elongated  protrusible  tongue,  by  means 
of  which  the  animal  seizes  the  ants  and  insects  upon 
which  it  subsists. 

The  geographical  distribution  of  the  Monotremata  is 
exceedingly  limited,  these  forms  being  exclusively  con- 
fined to  Australia  and  Tasmania ;  whilst  their  geological 
relations  are  undetermined ;  no  traces  of  these  forms 
having  as  yet  been  found  in  a  fossil  condition. 

Order  2.  Marsupialia, — ^This  order,  whilst  present- 
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ing  many  pointB  of  oimilaiity  to  the  preceding  groap,  ta, 
neTeithelesa,  to  be  considered  of  more  advanced  otgan- 
ieatioiL  The  nnimnla  indadod  within  its  limits  are  dis- 
tingnished,  ss  implied  by  the  technical  name  of  the 
groap,  by  the  posseedon,  in  the  case  of  the  females,  of 
a  "  marsnpium,"  or  "  pouch,"  formed  by  a  fold  of  the 
abdominal  integument,  and  supported  by  the  "  maisa- 
pial  bouea"(Fig.  131,  a  a),  previously  allnded  to.     The 


Kangaroos  of  Australia  (Fig.  132,  a),  and  Opossums  of 
America  (Fig.  132,  b),  may  be  cited  as  familiar  examples 
of  tbe  order,  which  is  distinguished  from  the  preceding 
group  by  certain  well-marked  characteristics.  These 
consist,  firstly,  in  tbe  conformation  of  the  skull,  and  in 
the  nature  of  the  union  between  tbe  cranial  bones :  these 
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lx)neB being onited  88 in  other  Mammalia,  bjsutoiesy  which 
are  generally  persistent  throughout  life.  The  jaws  are 
provided  in  every  instance  with  teeth,  these  organs  ex- 
hibiting the  usual  varieties  in  form  and  function.  The 
disposition  of  the  bones  of  the  shoulder-girdle  forms  a 
second  diagnostic  feature  of  the  Marsupialia,  as  com- 
pared with  the  MonotremcUcu  The  pectoral  arch  in  the 
present  instance  is  accordingly  found  to  be  modelled 
after  the  ordinary  Mammalian  type — the  coracoid  bones 
being  greatly  modified  in  their  development^  not  arti- 
culating in  any  way  with  the  sternum,  and  existing  as 
mere  processes  of  the  scapula,  or  shoulder-blade.  The 
invariable  presence  of  "  marsupial "  bones  (Fig.  131,  a  a), 
and  almost  universal  presence  of  a  ^'marsupium,'*  or 
pouch,  in  which  the  young  are  carried  and  protected  for 
a  considerable  period  after  birth,  forms  a  third  and  cha- 
racteristic feature  of  the  group.  As  we  have  seen,  the 
mere  presence  of  marsupial  bones  does  not  constitute 
the  special  character  of  this  feature,  since  these  struc- 
tures exist  in  the  Monotrenuxta  also ;  but  the  existence 
of  a  '^  marsupial  pouch,"  supported  on  these  bones,  forms 
a  feature  highly  characteristic  of  the  present  forms. 
These  bones  are  present  alike  in  the  males  and  females, 
but  it  is  only  in  the  female  animal  that  the  *'  pouch  " 
is  found.  In  some  Opossums,  and  in  the  genus  Dasy- 
uru8,  the  marsupial  pouch  is  wanting  in  the  females  also ; 
the  invariable  presence  in  such  forms,  however,  of  the 
'*  marsupial  bones,"  maintaining  the  value  of  the  cha- 
racter thus  constituted. 

In  this  abdominal  sac  the  mammary  glands  are  con- 
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tainedy  the  teats  being  of  laige  size,  and  projecting  into 
the  cavity  of  the  pouch.  The  young  are,  after  bizth, 
placed  in  the  pouch,  and  are  thus  well  situated  for 
obtaining,  in  the  most  convenient  manner,  the  supply 
of  nutrient  matter  so  necessary  to  their  feeble  and  im- 
mature condition.  A  very  characteristic  and  curious 
feature  in  the  nourishment  of  the  Marstqnaliem  young 
consists  in  the  provision  made  for  the  due  supply  of 
the  mammary  secretion,  by  means  of  a  special  muscular 
development,  which  compresses  the  mammary  glands 
so  as  to  inject  the  milk  into  the  mouths  of  the  attached 
and  helpless  offspring.  The  danger  to  the  young  jwim^a 
so  attached,  of  suffocation,  is  averted  by  a  special  pro- 
vision, consisting  in  the  prolongation  upwards  of  the 
larynx  to  the  soft  palate,  by  which  means  the  air-passages 
are  completely  separated  from  the  oesophagus,  and  re- 
spiration, as  in  the  Whales,  is  thus  carried  on  independ- 
ently of  the  act  of  nutrition. 

The  involuntary  nature  of  the  nutritive  act,  as  thus 
perfonned,  constitutes  an  admirable  provision  for  the 
nourishment  of  the  young,  under  the  circumstances  in 
which  they  are  produced ;  this  process  continuing  until 
such  time  as  the  young  animals  are  better  developed, 
and  can  enter  or  leave  the  pouch  at  wilL 

The  Marsupialia,  forming  the  sub-class  Diddphia 
of  De  Blainville's  system  of  classification,  present 
certain  features  in  the  disposition  of  their  reproductive 
system,  of  special  interest^  as  serving  to  materially  dis- 
tinguish them  from  the  preceding  order.  This  fourth 
distinctive  feature  consists  in  the  double  nature  of  the 
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generative  OTgaue,  the  terminal  dacte  of  which  are 
distinct,  and  open,  in  common  with  the  nrinu;  ducts, 
into  a  "oio-genital  canal;"  which,  however,  is  quite 
distinct  ftom  the  reotam,  this  latter  duct  opening  bj  a 
separate  anal  orifice. 


Fig.  191.  UiBscntLii. 
a.  The  Woolly  Kuigiroo  (Vwriiptu  Italftr),  with  joang  protradSsg  fram 
Uie  "  numnplqm."    i,  Opotmni  (DIcWjAiri  enioin). 

The  "  corpne  caUoenm"  of  the  brain  evincee  a  highei 
degree  of  specialisation  than  that  observed  in  the 
Monotrvmata,  whilst  the  convolations  of  the  cerebral 
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surface  are  better  marked  than  in  the  latter  group. 
The  brain  is  also  of  relatively  larger  size,  and  is  better 
developed  in  the  Fnigivoraiu  than  in  the  Carnivorous 
Marsupials.  The  skin  in  these  forms  is  in  every  case 
covered  with  fur  or  hair ;  the  spiny  developments  seen 
in  the  Monotrematous  Echidna  being  totally  vranting 
in  the  present  instance. 

The  order  has  been  divided  into  various  sections, 
distinguished  chiefly  by  the  nature  of  the  food ;  and, 
roughly  speaking,  the  Marsupialia  may  accordingly  be 
classified  in  two  such  groups,  known  respectively  as 
the  Phytophagous  or  Plant-eating,  and  the  Carnivorous^ 
or  Flesh-eating  forms. 

Of  the  former  group  the  Phascolomydcs  or  Wombats ; 
the  Macropodidoe  or  Kangaroos  (Fig.  132,  a),  and  the 
Phalangididcs  or  Phalangers,  are  the  representative 
families. 

The  Carnivorous  Marsupials  are  represented  by  the 
PeramdidcB  or  Bandicoots ;  the  Diddphidce  or  Opos- 
sums (Fig.  132,  b) ;  the  MyrmecoMidcB  or  Banded  Ant- 
eaters,  and  by  the  Dasyuridm  or  Dasyures,  otherwise 
known  as  "Tasmanian  Devils"  or  '^ Native  Hysenas." 

With  regard  to  the  distributional  aspects  of  these 
forms,  they  present  many  exceedingly  interesting  fea- 
tures for  consideration  in  the  twofold  aspect  in  which 
the  subject  may  be  viewed.  Their  geographical  distri- 
bution presents  a  striking  contrast  to  their  distribution 
in  time,  in  that  these  forms,  which  are  confined  to  a 
limited  area  in  the  present  world,  eigoyed  a  distribu- 
tion in  past  ages  as  extensive  as  their  present  distriba- 
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tion  is  now  limited  and  confined.  With  the  exception 
of  the  Opossums,  the  Implacental  Mammals  are  confined 
exclnsiyelj  to  the  Australian  Continent ;  the  Didel- 
phidcB,  however,  being  exclusively  found  in  America. 
The  indigenous  Mammalia  of  Australia,  therefore,  so  far 
at  least  as  the  present  state  of  our  knowledge  enables 
us  to  determine,  belong  wholly  to  the  Implacental  divi- 
sion of  the  class  ;  the  causes  of  this  present  limitation 
in  distribution  being  probably  founded  on  physical 
conditions,  which  the  imperfection  of  the  geological 
record  renders  us  unable  readily  or  satisfactorily  to 
trace. 

The  earliest  appearance  of  the  Mareupialia  as  fossil 
OTganisms,  probably  occurs  in  the  upper  Trias  rocks ; 
these  fossils  consisting  of  the  lower  jaw  and  teeth  of  a 
small  insectivorous  Mammal  known  as  Microiestes,  and 
which  appears  to  be  allied  to  the  Banded  Ant-eater 
{Myrmeeohiua)  of  the  present  day.  As  no  traces  of 
fossil  Manotremaia  have  as  yet  been  found,  the  Micro- 
iestes fossil  is  thus  doubly  interesting,  as  introducing 
us  to  the  earliest  appearance  of  Mammalian  life  upon 
our  globe. 


CHAPTER  XXIX. 
Proyincb  C. — ^Mammalia. 

Classification  of  Kammalia — {CknUinued). 

SuB-oLASs  B.  Placbntalia.  —  Older  3.  Edentata 
(Bbuta). — ^The  term  ''  toothless,"  applied  to  this  order, 
the  first  and  lowest  of  the  Flaeenial  Mammalia,  is,  it 
must  be  confessed,  somewhat  of  a  misnomer,  since  teeth 
are  present  in  nearly  every  case,  although  the  dental 
structure  is  somewhat  modified  from  the  ordinary 
Mammalian  type.  Inoisor  teeth  are  present  in  one 
instance  only,  the  canines  in  most  cases  are  wholly 
wanting,  whilst  in  two  instances  only  no  teeth  of  any 
description  are  found.  Further,  the  teeth  are  of  less 
complicated  structure  than  in  the  other  groups;  these 
organs  in  the  present  group  being  described  as  each 
composed  of  ''  a  cylinder  of  bone,  enclosed  within  a 
simple  case  of  enamel,  but  without  any  of  the  con- 
volutions of  these  substances  which  characterise  the 
structure  of  these  organs  in  the  Ruminaniia  and  other 
graminivorous  animals.''  In  the  Edentata  the  teeth 
are  unprovided  with  distinct  roots,  and  one  set  only 
ia,  in  the  migority  o£  instances,  developed  throughout 
the  life  of  these  animals. 
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The  order  divides  itself  natnrally  into  two  sections, 
dietingtiifihed  hy  the  lespective  nature  of  the  food  in 
each.  The  first  section,  Uiat  of  the  Phytopkaga,  is 
chaiacterised  bj  the  vegetable  nature  of  the  food, 
and  is  represented  bj  the  Sloths  (Bradypodidce),  and 
also  by  several  extinct  forms  of  gigantic  size.  The 
Entomcphaga,  or  Insect-eaters,  forming  the  second 
subdivision  of  the  order,  are  represented  by  the 
Annadilloe  {Daaypodid^),  (Fig.  133),  and  Ant-eaters 
(Myrmea^)hagidc8). 


Tbe  PlchlT  AnudUlo  (Daiifpta  mlniiliui) ;  SotUli  AmuleR. 

The  skeleton  of  tbe  Sloths  exhibits  several  festorcs 
of  interest  in  its  adaptation  for  an  arboreal  existence, 
and,  conversely,  in  its  onsoitablenesB  for  terrestrial 
progression.  The  cervical  vertebne,  which  generally 
exceed  the  ordinaiy  nambei  of  seven,  are  exceedingly 
mobile,  and  thus  admit  of  a  more  extensive  movement 
of  the  head  ;  whilst  the  extraordinary  length  of  the 
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anterior  limbs,  and  the  mmsnal  mobility  of  the  bones 
of  the  forearm,  together  with  the  powerful  daws  with 
which  the  digits  of  both  limbs  are  provided,  form  a  most 
complete  series  of  adaptations  to  the  peculiar  life  led 
by  these  creatures.  The  posterior  limbs  also  partake 
of  the  modification  peculiar  to  the  skeleton  of  the 
group,  in  that  these  members  are  shortened,  and  ^e 
structure  of  the  ankle-joint,  together  with  the  position 
of  the  feet^  by  which  they  are  made  available  for 
climbing,  render  the  otherwise  unusual  mode  of  progres- 
sion at  once  natural  and  easy. 

The  stomach  exhibits  a  somewhat  complex  structure, 
in  that  it  consists  of  a  double  sac,  and  thus  approaches 
nearly  to  the  character  of  the  compound  stomach  of 
the  Ruminantia, 

Of  the  Sloths  the  most  familiar  examples  are  the 
Three-toed  Sloth,  or  Ai  {Bradypm  tridaciylua),  and 
the  Unau,  or  Two-toed  Sloth  {Gholdepus  {Bradtgpus) 
didactyliui).  These  forms  are  confined  in  their  geogra- 
phical distribution  to  South  America. 

The  Eniamophaga  are  typically  represented  by  the 
Ant-eaters  {MyrmeeqphoffidcB)  and  Armadilloa  {Dasypo- 
didce).  In  this  section  the  legs  are  shortened,  the  feet 
being  provided  with  peculiar  daws,  of  service  to  the 
animal  in  the  scratching  and  digging  operations  by 
which  their  particular  food  is  obtained.  The  Dasy- 
podidcB  form  the  first  family  of  this  section,  and 
in  these  forms,  which  are  sometimes  known  as  the 
Loricate  Edentata,  the  back  and  dorsal  region  are 
covered  by  an  armour-casing  (Fig.  133),  which  conaisiB 
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of  a  series  of  bony  plates  or  "  scutes,"  developed  in  the 
dermal  layer  of  the  skin,  and  of  '' epidermic"  scales 
also.  The  bony  plates  of  this  dorsal  covering,  which 
is  thus  homologous  with  the  armour-casing  of  the 
Croeodilia,  are  arranged  to  form  five  plates  or  shields, 
protecting  the  head,  neck,  shoulders,  loins,  and  hind- 
quarters; whilst  in  some  instances  the  tail  may  also 
be  protected  by  semicircular  rings  of  bony  material. 
A  certain  degree  of  movement  is  permitted  between 
these  various  shields,  the  degree  of  mobility  in  some 
instances  admitting  of  the  animal's  rolling  itself  up 
when  irritated  or  alarmed,  after  the  fashion  of  our 
Common  Hedgehog,  and  so  presenting  an  almost  in- 
vulnerable surface  to  the  enemy.  Molar  teeth,  of  the 
simple  structure  previously  alluded  to,  exist  in  great 
numbers  in  these  forms. 

The  Ant-Eaters,  forming  the  concluding  families  of 
the  EfUomophagoiu  Edentata,  are  divided  into  three 
groups.  The  (a)  MyrmecophagidcB,  or  South  American 
Ant-Eaters,  are  distinguished  by  the  hairy  nature  of  the 
body-covering,  the  tail  being  bushy  and  elongated,  and 
in  some  cases  prehensile.  Teeth  are  entirely  wanting 
in  this  family,  and  the  feet  are  provided  with  strong 
claws. 

The  salivary  glands  are  developed  in  these  forms  to 
an  unusual  extent^  the  salivary  secretion  being  of  a  viscid 
or  gummy  nature.  The  tongue  is  elongated  and  pro- 
trusible  to  a  great  extent,  and  constitutes,  together  with 
the  viscid  saliva,  the  means  whereby  these  creatures 
capture  the  insects  on  which  they  subsist 

2k 
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The  Armadillos  aud  Haiiy  Ant^Eaten,  like  the  Sloths, 
are  found  exclasively  on  the  South  American  Ck)ntinent. 

The  (b)Manid€ef  or  Scaly  Ant-Eaters,  collectively  form- 
ing the  Sguamate  Edentata,  are  distinguished,  as  implied 
by  their  fAmilmr  name,  by  the  imbricated  homy  scales 
with  which  their  bodies  are  covered.  These  forms, 
otherwise  known  as  Pangolins,  belong  exclusively  to 
the  Eastern  hemisphere,  being  very  goneially  distributed 
over  AMca  and  Southern  Asia.  The  disposition  of  the 
tongue  and  salivary  glands  is  essentially  similar  to  that 
of  the  preceding  family. 

The  Oryderopus  Capensis,  as  solely  representing  the 
third  fEunily  (c)  OrycteropidcB^  is  confined  iu  its  distribu- 
tion to  Southern  Africa,  where  it  is  tanned  the  **  Aaid 
Vark,"  or  "  Ground  Pig."  The  body  is  covered  with 
hairs,  the  ears  being  elongated,  and  thus  contrasting  with 
the  shortened  nature  of  the  structures  in  the  preceding 
groups.  The  jaws  are  provided  with  "  rootless  "  mokr 
teeth,  and  the  tongue  and  salivary  secretion  subeerye 
the  peculiar  prehensile  function  observed  in  the  preced- 
ing forms.  The  feet  are  furnished  with  powerful  daws, 
of  service  iu  the  burrowing  habits  of  the  animal 

The  distributional  relations  of  these  fonns  are  of  an 
unusual  kind ;  and,  as  regards  their  geographical  distri- 
bution, we  observe  their  general  occurrence  in  the 
southern  regions  of  the  world,  but  the  strict  limitation 
of  individual  groups  to  particular  regions  of  the  globe. 
Their  palaeontological  relations  are  also  deserving  of 
mention — the  careful  examination  of  certain  fossil  re- 
mains of  gigantic  size  leading  to  the  classification  of 


SIBENIA.  499 

these  latter  forms  with  the  present  group.  Of  these  the 
n^ost  noted  are  the  Megatherium,  Mylodon,  and  Glyp' 
todon.  The  first  two  of  these  forms  appear  to  have  been 
most  nearly  related  to  the  existing  Sloths,  whilst  the 
latter  seems  to  find  its  modem  but  diminutive  prototype 
in  the  Armadillos  (Fig.  133).  The  body  of  the  Glyp- 
todon  was  covered  by  a  solid  carapace,  composed  of 
polygonal  plates,  but  which  could  have  admitted  of  no 
power  of  movement  such  as  is  possessed  by  the  existing 
Armadillos.  The  remains  of  these  fossil  Edentata  have 
been  found  in  the  Recent  or  Post-tertiaiy  formations  of 
South  America. 

Order  4.  Sibenia. — ^The  members  of  the  present  group 
are  by  some  authors  included  with  the  Whales  in  the 
order  Cetacea,  but  they  appear  to  be  separated  from  the 
latter  group  by  certain  special  and  characteristic  features. 
The  body  and  its  appendages  are,  as  in  the  Whales,  more 
or  less  completely  adapted  for  a  marine  existence.  The 
hind  limbs  are  wanting,  and  the  under  extremity  of  the 
body  carries  a  "caudal,"  or  taU-fin,  which,  however, 
differs  from  the  analc^ous  appendage  in  Fishes  by  being 
situated  transversely,  or  horizontally,  instead  of  verti- 
cally, and  in  being  unsupported  by  any  hard  structures 
or  "  fin-rays."  The  pectoral  limbs  exist  in  the  form  of 
'^  swimming-paddles"  (Fig.  134),  and  the  surface  of  the 
body  is  sparsely  covered  with  bristly  hairs.  The 
nostrils  are  further  distinct — provided  with  valvular 
membranes,  and  are  situated  anteriorly  on  the  snout. 
The  eyes  are  provided  with  "nictitating  membranes," 
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and  the  mammary  glands  are  situated  on  the  thorax  or 
chest 

Molar  and  incisor  teeth  an  present  in  the  Sirenia,  the 
former  being  specially,  and  apparently  alone,  developed 
in  the  adult  state. 

The  Sirenia  are  represented  by  the  Dugongs  (HaHcon), 
and  Manatees,  or  Ses-Cows  [Manatug),  (Fig.  134),  the 
former  being  found  ou  the  shores  of  the  Indian  Ocean, 


whilst  the  latter  inhabit  the  eastern  coasts  of  Korth 
America  and  western  coasts  of  Africa,  Hie  Rkytina 
Stdleri,  or  Northern  Manatee,  a  Sirenian  of  large  size, 
which  inhabited  the  shores  of  the  Arctic  Ocean,  has 
become  extinct  within  a  comparatively  recent  date,  the 
last  Bhytina  having  been  destroyed  in  1768. 

^e  technical  name  of  the  group  has  been  suggested 
by  the  supposition,  that  the  appearance  of  these  forms, 
aseiBted  by  the  lively  imagination  of  mariners,  may  have 
given  rise  to  the  wondrous  tales  of  sirens  and  mermaids 
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with  which  these  worthies  were  wont  to  regale  their 
willing  listeners.  The  Sirenia  heing  estnarine  or  littoral 
in  their  habits,  that  is,  inhabiting  the  creeks  and  bays 
of  shallow  coasts,  or  the  mouths  of  rivers,  and  being 
said  to  occasionally  assiuue  somewhat  of  an  upright 
posture,  together  with  the  pectoral  position  of  the 
mammse ;  the  appearance  of  these  forms  may,  on  these 
accounts  perhaps,  and  not  inaptly,  have  given  rise  to  the 
stories  above  referred  to. 

Order  5.  Cetacea. — This  order  has  been  defined  as 
*'  an  order  of  Mammiferous  animals,  distinguished  as 
regards  outward  characters  by  the  absence  of  hinder 
extremities,  neck,  hair,  and  external  ears ;  and  by  the 
presence  of  a  large  horizontal  caudal  fin  and  the  fin- 
like form  of  the  anterior  extremities,  the  bones  of 
which  are  shortened,  flattened,  and  enveloped  in  a 
thick,  unyielding,  smooth  integument."  The  adapta- 
tion to  an  aquatic  existence  of  necessity  involves  a 
departure  to  some  extent  from  the  ordinary  Mamma- 
lian type  of  structure,  and  in  the  true  Whales,  as  typi- 
cally exemplifying  this  group,  the  chief  points  of 
difference  may  be  conveniently  studied. 

Externally,  the  immense  bulk  of  the  Cetacea  attracts 
attention^  as  also  does  the  essentially  fish-like  shape  of 
the  body.  The  regions  of  the  body  are  indistinctly 
marked,  no  true  neck  being  diBcemible,and  the  enormous 
head  being  apparently  united  directly  to  the  trunk. 
Posteriorly,  a  transverse  or  horizontally-placed  caudal 
fin  terminates  the  body,  the  difference  between  the 
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tail-fin  of  the  fifih  'and  that  of  the  Cetacean  bung 
already  alluded  to  in  the  case  of  the  Sirema.  This  fin, 
further,  coneists  merely  of  an  expansion  of  the  integu- 
ment, strengthened  by  a  cartilaginouB  framework.  A 
median  "dorsal  fin"  is  sometimes  also  fonnd,  thi^ 
structure  being  wanting  in  the  preceding  group.  An- 
terior limbfl  exist  in  the  form  of  swimmlng-paddlea,  bat 
the  posterior  limbs  are  on  developed  throughout  the  order. 


The  facial  bones  are  large  and  extended  as  com- 
pared with  the  cranial  portion  of  the  skull  (Fig.  135, 
A,  a)  ;  and  in  the  Whalebone  'Wholes  {Baleenida)  the 
upper  mazillaiy  or  jaw  bones  (6)  bear  deep  ridges,  in 
which  the  plates  of  "whalebone  "  or  "  baleen  "  (d)  ire 
inserted.  These  plates,  which  are  flattened,  and  of 
elongated  shape,  are  so  attached  to  the  palate  that  the 
loi^  axis  of  each  depends  into  the  cari^  of  the  mouth ; 
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the  entlTe  series  of  plates  thus  fonDing  as  it  were  a 
doable  median  fringe  to  the  upper  jaw  (5).  The  outer 
or  free  edge  of  each  plate  is  fringed  in  turn  by  a 
fibrous  arrangement  of  the  whalebone  (Fig.  135,  B), 
binding  the  entire  structure  more  closely  together,  and 
so  tending  to  render  it  more  effective  in  its  purpose, 
which  is  undoubtedly  that  of  acting  as  a  "sieve"  or 
<' strainer;'*  preventing  substances  of  large  bulk  from 
passing  into  the  contracted  oesophagus  of  the  animal, 
and  at  the  same  time  serving  to  retain  and  entangle  the 
minute  organisms  upon  which  these  creatures  princi- 
pally subsist.  The  food  of  the  Whale,  therefore,  con- 
sists principally  of  Pteropodous  Mollusca,  which  exist 
in  countless  shoals  in  the  Arctic  Seas ;  and  certain 
members  of  which  group,  from  the  foregoing  circum- 
stance, have  received  the  collective  title  of  "  Whale's 
food" 

The  chief  points  of  interest  in  the  skeleton  of  the 
Cetacea  are  comprised  under  the  consideration  of  the 
modifications  of  the  vertebral  column  and  pelvic  ex- 
tremities. The  cervical  segments  of  the  spine,  in  the 
present  instance,  are  generally  anchylosed  together, 
whilst  the  dorso-lumbar  vertebra  are  exceedingly  mo- 
bile, to  admit  of  the  extensive  movements  of  the  tail 
in  locomotion.  No  true  sacrum  exists,  one  of  the 
vertebral  segments  being  by  some  authorities  regarded 
as  representing  this  bone.  The  skeleton  of  the  anterior 
members  is  entirely  homologous  with  that  of  other  and 
higher  Mammalia,  the  clavicles,  however,  being  wanting 
throughout  the  order.    The  bones  of  the  forearm  are 
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more  or  less  completely  united  to  each  other,  and  the 
entire  member  is  enveloped  in  the  thick  integument  to 
form  a  complete  and  effective  natatory  organ.  Posterior 
limbs  are  wanting  in  the  Cetacea,  the  pelvis  being 
represented  by  two  small  bones,  united  to  form  a 
Y-shaped  structure,  which  is  found  imbedded  among 
the  muscles  of  the  posterior  abdominal  region.  The 
majority  of  ribs  are  not  attached  to  the  stemnm  or 
breast-bone,  these  structures  articulating  superiorly  with 
the  transverse  processes  only  of  the  dorsal  vertebrae. 

Conical  teeth  are  present  in  considerable  numbers^  in 
all  instances  save  in  that  of  the  BalcenidcR  or  Whale- 
bone Whales,  in  which  group  the  presence  of  teeth  is 
indicated  in  the  foBtal  animal;  these  organs,  however, 
never  attaining  to  any  size  or  perfection,  and  their  place 
being  supplied  by  the  "  whalebone"  or  "  baleen"  struc- 
tures previously  alluded  to. 

The  stomach  appears  to  be  of  compound  nature,  and 
to  exhibit  affinities  of  type  to  that  to  be  afterwards 
noticed  when  treating  of  the  RuminanticL 

The  respiratory  apparatus  of  these  forms  as  adapted 
for  breathing  atmospheric  air  whilst  living  an  aquatic 
life,  presents  several  structural  features  worthy  of 
notice.  The  nostrils  in  the  BalcemdcB^  situated  on 
the  top  of  the  head,  and  known  as  "  blow-holes,"  or 
*' spiracles,"  play  an  important  part  in  the  respiratory 
process ;  and  the  soft  palate  embraces  the  conical  aper- 
ture of  the  windpipe,  and  thus  forms  "  a  continuous 
air-passage  &om  the  posterior  nares  (nostrils)  to  the 
larynx,  on  each  side  of  which  the  food  passes."     Be- 
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spiration  ia  thas  perfonned  independently  of  the  pecu- 
liar mode  in  which  the  process  of  nutrition  is  carried 
on  in  these  forms ;  these  animals  rising  at  stated  inter- 
vals to  the  surface  of  the  water  to  inhale  a  iresh  supply 
of  air.  At  such  times  the  inspired  air  is  ejected  from 
the  "  hlow-holes/'  and  on  the  true  nature  of  this  process 
much  difference  of  opinion,  and  many  erroneous  views, 
have  long  continued  to  exist  and  be  expressed.  Thus, 
the  jet  of  water  which  is  ejected  from  the  nostrils  of 
the  Cetacea  was  formerly  thought  to  consist  of  the 
water  received  into  the  mouth  in  the  process  of  deglu- 
tition. This  so-called  "  spouting,"  however,  from  more 
careful  consideration,  is  found  to  be  caused  not  by  the 
ejection  of  the  water  taken  into  the  mouth  in  the  act 
of  nutrition,  but  by  the  heated  air  of  respiration,  con- 
densed on  exposure  to  the  cold  of  the  atmosphere ; 
together  with  such  superfluous  water  as  may  have 
gained  admittance  to  the  nostrils  from  without,  or  such 
superjacent  water  as  may  be  driven  up  in  the  form  of 
spray  by  the  violent  nature  of  the  respiratory  act. 

An  external  ear  is  absent,  but  from  the  relation  of 
the  internal  ear  to  the  nasal  ^passages,  it  is  highly  pro- 
bable that  the  latter  apertures  subserve,  in  some  mea- 
sure at  least,  the  purpose  of  a  medium  for  the  collec- 
tion and  transmission  of  sounds  to  the  auditory  centres. 

The  Cetacea  in  their  reproduction  exemplify  all  the 
characters  of  the  higher  Mammalia;  these  creatures 
suckling  their  young  for  a  considerable  period  after 
birth,  and  exhibiting  for  their  offspring  the  greatest 
care  and  affection. 
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The  Cetaeea  aie  divided  into  three  funilies.  The  (a) 
BdlixnidcB,  OT  True  Whales,  form  the  fiist  of  these  diTi- 
BionB,  Emd  ate  distiiigiiiahed  b;  the  absence  of  teeth ; 
by  the  presence  of  "  baleen  "  or  "  whalebone  ;  and  by 
the  noatrile  being  situated  on  the  top  of  the  bead. 

Of  the  Bal(enidm,  the  typical  lepresentative  is  Hie 
Bight  or  Greenland  WbalB  (Bakena  mydieeltu),  (Fig, 
136,  A),  and  which  forms  the  object  of  active  jnir- 


snit  for  the  sake  of  the  "  blubber,"  and  "  whalebone," 
The  "blubber,"  or  &t,  forming  a  thick  coating  of  the 
body,  serves  to  preserve  an  equable  temperatuze,  as 
well  as  to  assist  in  ledncii^  the  specific  gravity  of  the 
animal  The  Bight  Whale,  with  the  neighboniing 
speciea  of  the  Southern  Whale  {B(d<Bna  atutralit),  fonos 
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the  section  of  this  &milj  known  as  the  "  Smooth " 
Whales,  and  which  are  distmgmshed  hy  the  ahsence  of 
a  dorsal  fin.  In  the  ^  Furrowed''  Whales,  forming  the 
second  section  of  this  fisunily,  a  dorsal  fin  exists,  and  the 
skin  is  rough  or  farrowed ;  this  latter  group  heing 
sometimes  known  as  the  "Finner"  Whales.  Two 
genera  appear  to  be  included  in  this  section,  these 
being  known  respectiTely  as  Megaptera  and  Balcaio- 
ptera.  The  familiar  name  of  Eorqual  is  applied  to  a 
species  of  this  latter  genus  (Balcenoptera  Boops). 

The  (6)  PhyseteridcB  or  Sperm  Whales,  sometimes 
known  as  the  Catodontidce,  are  distinguished  from  the 
preceding  forms  by  possessing  a  large  number  of  conical 
teeth  in  the  lower  jaw,  those  of  the  upper  jaw  being 
rudimentary ;  by  the  absence  of  ''  baleen  plates,''  and  by 
the  great  relative  size  of  the  head,  at  the  anterior  ex- 
tremity of  which  the  united  nostrils  are  situated ;  this 
latter  character  being  essentially  different  from  the  dis- 
position of  these  apertures  in  the  BalcenidoB.  The 
Spermaceti  Whale  or  Cachalot  {Physeter  macrocepha- 
lu8)y  (Fig.  136,  B),  is  the  most  familiar  example  of  the 
group,  this  form  being  hunted  for  the  sake  of  the  oil, 
spermaceti,  and  ambergris.  The  substance  known  as 
spermaceti  is  a  peculiar  fat,  found  principally  in  the 
cranial  cavities  of  these  forms,  and  much  esteemed  in 
the  making  of  unguents,  and  for  other  purposes  of  the 
pharmaceutist.  The  ambergris,  which  is  found  in  the 
digestive  tract  of  these  creatures,  obtains  its  commercial 
repute  as  an  ingredient  in  perfumes. 

The  Sperm  Whales  inhabit  the  Southern  Seas,  and 
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appear  to  be  gregarious  in  their  habits;  these  fomis 
swimming  in  companies  of  from  twenty  to  fifty,  each 
group  being  technically  known  as  a  "  school" 

The  (c)  DdphinidcB  or  Dolphins,  forming  the  conclud- 
ing fjEonily  of  the  order,  are  of  much  smaller  size  than 
the  members  of  the  preceding  divisions.     The  head  is 
of  proportionably  smaller  size,  and  usually  terminates  in 
a  muzzle- shaped  snout.     The  nostrils  are  united,  and 
are  placed  on  the  superior  aspect  of  the  head.     Teeth 
exist  in  both  jaws.    The  Common  Dolphin  (Ddphtnus 
delphis);  the  Porpoise  (Phocama  communis),  inhabit- 
ing the  European  Seas ;  and  the  Narwhal  or  Sea-TJni- 
com  (Monodon  monoceros),  exemplify  the  three  more 
important  genera  included  in  the  present  fsimily.     The 
latter  form  is  notable,  as  possessing  an  extraordinaiy 
development  of  one  of  the  incisor  teeth.    The  lower 
jaw  in  the  Narwhal  is  destitute  of  teeth ;  the  upper  jaw 
of  the  male  containing  two  abortive  molars  and  two 
incisors,  one  of  which — the  left — is  abnormally  de- 
veloped to  form  a  spiral  '*  rostrum"  or  tusk,  which  in 
some  instances  attains  a  length  of  eight  or  even  ten  feet. 
This  tusk  is  developed  from  a  permanent  pulp,  and, 
like  the  tusk  of  the  Elephant,  continues  to  grow  through- 
out life.     The  females  possess  rudimentaiy  teeth  in 
the  upper  jaw,  but  occasionally  the  female  animal  is 
said  to  develop  a  tusk  similar  to  that  of  the  male ; 
whilst  in  some  instances  both  incisor  teeth  of  the  male 
may  be  developed  in  this  abnormal  fashion.     As  allied 
to  these  animals,  mention  may  here  be  made  of  several 
aberrant  foHBs,  which,  although  differing  widely  in  habits, 
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appear  to  find  their  proper  place  in  this  £unilj.  The 
PlatantstidcB,  represented  by  the  Loosook  or  Grangetic 
Dolphin  {PlatanUta  Gangetica),  is  found  inhabiting  the 
Ganges,  principally  at  its  estuary  or  delta ;  whilst  tbo 
Inia  Bolimensis  is  found  similarly  inhabiting  the  rivers 
of  Bolivia,  at  a  great  distance  from  the  sea. 

The  fossil  remains  of  a  gigantic  Cetacean,  allied  to 
the  existing  Toothed  Whales,  and  termed  Zeuglodon^ 
form  the  principal  feature  of  interest  in  the  palsBonto- 
logy  of  the  group.  This  form  possessed  rooted  posterior 
teeth,  and  its  remains  occur  in  the  Miocene  formations 
of  £urope  and  America. 


CHAPTER   XXX. 
Province  C — Mammalia. 

Classification  of  MamnudiA — {Coniiniied}. 

Order  6.  Unoulata. — Hoofed  Quadrupeds. — ^The  order 
UngulcUa  is  of  comparatively  recent  origin,  and  of 
compound  nature,  since  it  includes  within  its  limits 
three  divisions  (Pachydermata,  Solidungvla^  and  Rumi-- 
nantia),  which  were  formerly,  and  hy  some  authors 
still  are,  accounted  as  separate  and  distinct  orders. 
These  three  latter  divisions  have  in  other  systems  of 
classification  been  further  altered,  and  three  new  sec- 
tions or  sub-orders  have  been  constituted  as  included 
in  the  order  Unoulata,  These  three  divisions  are 
accordingly  known  as  the  Artiodactyla,  Perissodactyla^ 
and  Froboscidea ;  the  Pachydermata  being  by  this 
arrangement  rendered  obsolete,  and  being  included  with 
the  other  sections  ;  the  Elephants  alone  being  retained, 
to  form  a  separate  section  under  the  name  of  Proboscis 
dea.  The  Solidungvla  and  Ruminantia  are  accordingly 
merged  in  the  present  system,  to  form  two  sub-groups 
of  the  Ungulate  order,  which  stands  classified  thus  : — 

Ukoulata.  \  Sub-order  (B)  PtrU>od<^la.  \  ^  I  ^^^^ 
<  Sab-order  (C)  Prohoaddea. 
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The  general  cbaracieiiBtics  of  the  Ungulata^  as  an 
order,  are  sufficiently  clear  and  distinct.  The  limbs 
are  always  four  in  number,  and  the  perfect  and  func- 
tional toes,  which  are  never  more  than  four  to  each 
limb,  are  generally  encased  within  largely -developed 
"  nails,'*  termed  "  hoo£3."  Clavicles  are  absent  through- 
out the  group,  the  limbs  being  devoted  solely  to  loco- 
motive purpose& 

Sub-order  {a).  Abtioda^ottla. — This  group  is  dis- 
tinguished by  the  even  number  of  the  toes, ''  the  third 
digit  of  each  foot  being  asymmetrical  in  itself,  and 
usually  forming  a  symmetrical  pair  with  the  fourth 
digit."  The  number  of  the  dorsal  and  lumbar  vertebra, 
collectively,  rarely  exceeds  nineteen,  and  is  always 
fewer  than  twenty-two.  The  stomach  is  generally  of 
compoimd  and  complex  nature ;  and  the  horns,  when 
present,  exist  in  pairs,  and  are  supported  by  a  bony 
central  axis  or  ''  core." 

The  sub-order  admits  of  division  into  two  sections, 
in  the  first  of  which — that  of  the  (1)  Omnivora  or 
Nofk-Ruminantia,  three  families  are  included.  The  (a) 
SuidcB  or  Swine  are  distinguished  by  the  hairy  nature 
of  the  skin ;  by  the  slender  conformation  of  the  limbs ; 
and  by  possessing  the  third  and  fourth  toes  consider- 
ably elongated,  these  digits  being  alone  available  for 
locomotion,  and  the  second  and  fifth  digits  being 
rudimentary.  The  nose  is  of  cylindrical  form,  trun- 
cated,  and  terminated  by  a  cartilaginous  tip,  serving  to 
protect  the  organ  in  the  burrowing  habits  in  which 
these  animals  indulge.     The  typical  varieties  of  teeth 
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are  present,  but  the  dentition  of  the  family  varies  con- 
siderably. The  canine  teeth  may  be  greatly  developed 
to  form  "  tusks." 

Of  this  famUy  the  representative  genus  is  that  of 
Sus^  the  best  known  species  being  the  Wild  Boar,  or 
Common  Hog  (Sits  scro/a),  from  which,  in  all  proba- 
bility, our  domestic  breeds  have  been  derived.  In  the 
Indian  Archipelago  the  family  is  represented  by  the 
Babyroussa  Hog  {8w  Babyrussa),  remarkable  for  the 
length  and  curvature  of  the  upper  canine  teeth ;  whilst 
in  South  America  the  Peccaries  (Dieotyles)  take  the 
place  of  the  European  species. 

The  dental  formula  of  the  genus  Sus  is  given  as 
follows  : — 

I  1^  C  1=1  PM  S  M  g  =  44. 

The  (b)  HippapotamidoB,  represented  solely  by  the 
genus  Hippopotamus^  ^are  distinguished  by  the  laige 
size  of  the  head ;  by  the  heavy  body  ;  by  the  thickened 
skin  scantily  covered  with  hairs ;  and  by  the  stunted 
limbs,  each  of  which  is  provided  with  four  hoofed  toes, 
the  whole  of  the  digits  touching  the  ground  in  locomo- 
tion. The  family  is  exemplified  by  a  single  living 
species,  the  Hippopotamus  amphibius,  found  inhabiting 
the  rivers  of  Afiica. 

The  dental  formula  of  the  adult  Hippopotamus  is — 

I  i^I  C  lel  PM  g  M  g  =  36. 

The  fossil  remains  of  the  AnoplotJierium,  as  represent- 
ing the  extinct  famQy  (c)  Anoplotherides^  occur  as  cha- 
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racteiistic  fossils  of  the  Eocene  and  Miocene  epochs. 
This  form  somewhat  resembled  the  modem  Tapirs  in 
appearance,  and  seems  to  connect  the  existing  Suidce 
ynth.  the  Buminantia, 

The  (2)  Buminantia,  or  second  section  of  the  Artio- 
DACTTLA,  whilst  forming  a  group  defined  by  very  natural 
boundaries,  and  in  all  essential  points  corresponding 
to  the  typical  structure  of  the  order,  also  possess  a 
special  and  distinguishing  feature  in  the  faculty  of 
rumiruUionf  or,  in  other  words,  the  power  of  causing  the 
food  to  regurgitate  from  the  stomach,  after  deglutition, 
into  the  mouth,  for  the  purpose  of  being  masticated  for 
the  second  time.  Besides  this  special  feature  in  the 
oiganisation  of  the  group,  several  points  of  minor  im- 
portance are  to  be  noticed.  Thus,  the  dentition  of  the 
group  presents  certain  peculiarities,  in  that  no  incisor  or 
canine  teeth  exist  in  the  majority  of  instances  in  the 
upper  jaw — the  typical  Ruminants  thus  possessing 
molar  teeth  only  in  the  upper  jaw,  to  the  number  of  six 
on  either  side.  The  lower  jaw  generally  contains  six 
indsors,  two  canines — ^the  latter  closely  resembling  the 
incisors  in  appearance — and  the  same  number  of  molars 
as  in  the  upper  jaw  ;  a  space  intervening  between  the 
canines  and  molars  in  the  lower  jaw,  as  also  seen  in  the 
Solidungtda  (Fig.  139).  The  place  of  the  incisors  of  the 
upper  jaw  is  supplied  by  an  anterior  thickening  of  the 
gum,  the  incisors  of  the  lower  jaw  being  pressed  against 
this  hardened  surface  in  the  process  of  mastication.  A 
deviation  from  the  typical  dentition  is  seen  in  the  Came- 

2l 
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lidcB,  in  which  forms  the  dental  anangement  is  as 
follows : — 

I  S  C  1^  PM  g  M  g  =  so 

these  ftnimftlfl  thus  possessing  both  incisois  and  canines 
in  the  upper  jaw. 

The  metacarpal  and  metatarsal  bones  of  the  two  digits 
(third  and  fourth)  become  united  in  the  anterior  and 
posterior  limbs  respectively,  to  form  the  single  bones 
known  as  "  cannon  bones ;"  and  two  rudimentary  toes, 
in  addition  to  the  two  ordinary  and  developed  digits, 
are  borne  on  the  posterior  aspect  of  the  foot  The 
two  ordinary  functional  toes  being  enclosed  in  separate 
hoofs,  and  articulated  to  the  ''  cannon  bone "  of  their 
respective  limbs,  produce  the  well-known  ''cloven** 
appearance  of  the  foot.  A  departure  firom  this  structure 
is  witnessed  in  the  Camels,  to  which  reference  will  be 
more  particularly  made  hereafter. 

The  process  of  Rumination^  forming  the  last  and 
chief  characteristic  feature  of  the  group,  may  be  defined 
as  that  feu^ulty  by  which  the  food  is  returned  to  the 
mouth  after  being  swallowed,  for  the  purpose  of  being 
re-masticated,  preparatory  to  its  undeigoing  the  final 
stages  of  the  digestive  process.  For  the  due  perform- 
ance of  this  function  a  complicated  apparatus  ezisis, 
consisting  of  a  compound  stomach,  formed  usually  by 
four  compartments,  the  two  first  of  which  are  to  be  re- 
garded as  corresponding  to  the  "  cardiac,'*  or  oesophageal 
portion  of  the  ordinary  stomach,  whilst  the  latter  two 
belong  to  the  "  pyloric  "  or  intestinal  extremity  of  that 
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organ.  The  fiist  cavity,  to  wtiicli  the  teim  "  rumen"  or 
"  paunch  "  is  applied  (Fig.  137,  b),  ia  the  laigeat  of  the 
compartments,  and  occupies  a  consideiable  portion  of 
the  left  dde  of  the  abdominal  cavity.  Its  internal  sur- 
face exhibits  a  roughened  appearance,  produced  by  the 
development  in  its  lining  membnme  of  an  immense 
nomber  of  "  villi,"  or  small  rounded  prominenoes.    The 


Fig.  1ST.  Rmiiiijunu.    Stonuch  orabMp(Oir<j)(Hiiil*]r). 

a,  <&opbagDi ;  4,  ranneli  or " nunen ; "  c,  "reUculum  ;"((,  "P^terimn;" 

i;  "■bomamiin  ;"  /,  pjlarlc  ipertore  of  utomAcb  ;  g,  Aaoivama- 

second  compartment  (c)  is  of  smaller  size,  and  communi- 
cates with  the  first  sac  by  an  opening  of  considerable 
nu^nitnde.  Its  internal  surface  is  divided  into  a  net- 
work of  hexagonal  spaces,  and  from  this  appearance  it 
has  received  the  popular  name  of  the  "honeycomb," 
but  is  more  properly  termed  the  "reticulum."  The 
third  cavity  (i),  to  vhich  the  name  of  "  pealterinm "  or 
"  manyplies"  is  given, communicates  imperfectly  with  the 
reticalnm  (e),  and  also  with  the  gullet  (a).  The  "  pssl- 
teriom "  is  the  smallest  of  the  compartments,  and  has 
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alBO  received  its  name  firom  the  peculiar  dispodtioii  of 
its  lining  membrane,  which  is  thrown  into  longitadinal 
"rage"  or  folds,  somewhat  resembling  the  leaves  of  a 
book.  The  "  abomasum/' "  rennet^"  or ''  fourth  stomach" 
(e),  is,  perhaps  more  than  any  of  the  preceding  cavities, 
to  be  regarded  the  analogue  of  the  true  and  ordinary 
stomach ;  its  mucous  or  lining  membrane  is  highly  vas- 
cular, and  furnished  with  glands  secreting  the  gastric 
juice.  The  "  abomasum  "  communicates  freely  with  the 
"  psalterium ''  (d),  and  also  with  the  intestine  (</) ;  a 
special  valvular  arrangement  guarding  the  entrance  to 
the  intestinal  canal  (/). 

The  structure  and  arrangement  of  this  complicated 
apparatus  being  understood,  the  manner  in  which  its 
function  is  performed  will  be  readily  perceived.  The 
food,  being  partially  masticatefd,  is  passed  down  the 
GBSophagus  (a),  which  terminates  at  a  point  midway 
between  the  first  and  second  "stomachs."  Entering 
the  "  rumen  "  (b)  the  food  is  moistened,  and  undergoes 
some  slight  preparatory  change.  From  the  **  rumen  " 
(b)  the  food  passes  into  the  "  reticulum  "  (c),  in  which 
it  is  supposed  to  be  moulded,  by  the  peculiar  reticulated 
structure  of  the  lining  membrane,  into  rounded  masses 
or  boluses,  which  are  next  passed  into  the  oesophagus 
(a),  and  returned  to  the  mouth  by  a  reversed  peristaltic 
action  of  the  oesophageal  muscles.  Being  thus  returned 
to  the  mouth,  the  partially -digested  food  is  now 
thoroughly  masticated,  and  being  swallowed  for  the 
second  time,  passes  on  this  occasion  into  the  "  psalte- 
rium "  or  third  compartment  (d)  ;  the  canal  communi- 
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eating  with,  the  '* rumen"  (b)  heing  now  closed  by 
moscular  action,  and  the  food  being  thus  compelled, 
from  the  direction  of  the  oesophageal  groove,  to  enter 
the  "  psalterium "  (c2).  In  this  latter  cavity  it  under- 
goes some  further  change,  and  is  finally  subjected  in 
the  "  abomasum''  (e)  to  the  action  of  the  true  digestive 
juices.  The  intestinal  canal  in  the  Ruminantia^  as  is 
the  case  with  all  vegetable  feeding  animals,  is  of  greater 
relative  length  than  in  those  forms  which  feed  on  an 
animal  diet 

The  Euminantia  are  usually  divided  into  five 
families : — 

(a).  Family  Camelidm. — ^The  Camels  and  Llamas 
representing  this  family  are  distinguished,  as  previously 
mentioned,  by  the  peculiarity  of  their  dentition  as  com- 
pared with  that  of  ordinary  Ruminants,  The  structure 
of  the  feet  also  differs  firom  that  of  other  members  of 
the  group,  in  that  the  palmar  and  plantar  or  flat  sur&ces 
of  the  two  functional  toes  are  broadly  developed ;  these 
fwiTttftlft  thus  walking  upon  the  soles  of  the  feet,  and  the 
hoofs  of  the  typical  Euminanta  being  represented  by 
mere  nail-like  structures  situated  on  the  dorsal  surface 
of  each  toe.  The  rudimentary  hoofs  of  other  Eumi- 
nantia are  absent  in  the  CamslidcBf  and  horns  are  like- 
wise undeveloped  throughout  the  fiEimily.  The  struc- 
ture of  the  stomach  is  also  different  itom  the  typical 
structure  already  described ;  the  gullet  opening  directly 
into  the  ''  paunch,"  in  the  walls  of  which  the  so-called 
'' water-ceUs "  are  developed;  these  cells  serving  as 
receptacles  for  water,  capable  of  supplying  the  wants 
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of  the  animal  in  its  jonrneyings  over  the  arid  deserts. 
The  red  blood-coipuscles  in  the  CamdidcB  also  piesent 
an  exception  to  the  Mammalian  type  of  stnictoie,  in 
that  they  aie  elliptical,  instead  of  being  oval  in  shape. 

The  CamelicUB  aie  represented  by  two  groups,  con- 
fined respectiyely  to  the  old  and  new  worlds.  The 
Camels  of  Asia  and  AMca  are  represented  by  the 
Dromedary  or  Arabian  Camel  (Camdus  Dromedarius\ 
which  possesses  a  single  hump  only ;  and  by  the  Bac- 
trian  Camel  {C.  Bactrianus),  which  is  distingoished  by 
the  possession  of  two  humps. 

The  Llamas  of  South  America  are  distinguished  by 
the  toes  being  completely  divided,  and  by  the  absence  of 
the  padded  cushion  which  protects  the  sole  of  the  foot 
in  the  Camels.  The  "  humps  "  of  the  Camels  are  also 
wanting  in  the  Llamas.  The  Alpaca  {Auchenia  Pace) 
of  Peru  exemplifies  a  familiar  example  of  the  genus. 

(6).  Family  Maschidce, — ^This  flEunily  is  also  distin- 
guished by  the  absence  of  horns,  and  by  the  develop- 
ment of  canine  teeth  in  both  jaws,  those  of  the  upper 
jaw  forming  tusks  of  considerable  size  in  the  male  ani- 
mals. The  Musk  Deer  {Moechus  moachiferus),  inhabit- 
ing Central  Asia,  represents  this  group.  It  is  princi- 
pally noted  on  account  of  a  peculiar  abdominal  sac  or 
gland,  secreting  the  commercial  product  and  perfume 
known  as  *'  musk." 

(c).  Family  Cervidce.'^The  OervidoB  or  Deer  are  dis- 
tinguished by  the  possession  of  horns  or  *' antlers," 
which  are  characteristic  of  the  males  only,  the  Beindeer 
forming  the  solitary  exception  to  this  rule.      These 
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boms  are  deciduous,  being  sbed  or  cast  annually,  tbe 
size  and  number  of  branches  increasing  with  tbe  age 
of  ibe  animal.  Tbe  boms  are  of  solid  structure,  and 
tbus  differ  from  tbe  structure  of  tbose  organs  in  tbe 
succeeding  family.  Tbe  epidermis,  or  outer  skin,  of 
tbe  bomy  core  in  tbe  CervidcB  does  not,  as  in  tbe 
Cavieorfda^  become  modified,  to  form  a  "  bomy  epi- 
dermic case."  Tbe  dental  formula  is  exactly  similar  to 
tbat  of  tbe  CavieornicL, 

A  large  number  of  species  of  GervidcB  are  known, 
tbeir  distribution  being  very  general;  Australia  and 
Soutbem  AMca,  boweyer,  being  said  to  possess  no  re- 
presentatiyes  of  tbis  gioup.  The  Stag  or  Bed  Deer 
(Cervus  elephca) ;  tbe  Eoebuck  (Gapreolua  caprcea) ;  and 
tbe  Fallow  Deer  (Dama  platyceros)^  are  tbe  forms 
inhabiting  Britain ;  whilst  the  Elk  {Alces  palmaius), 
largest  of  living  Deers,  and  the  Beindeer  {Cervus  taran- 
du8\  now  confined  in  its  distribution  to  tbe  northern 
r^ons  of  Europe  and  Asia,  exemplify  the  foreign 
members  of  tbe  &mily. 

Tbe  Megaceros  Hibemicus,  or  Irish  Elk,  an  extinct 
form,  of  large  size,  tbe  remains  of  which  occur  plenti- 
fully in  tbe  recent  formations  of  the  British  Isles  and 
of  Europe  generally,  appears  to  have  possessed  close 
relations  with  the  Fallow  Deer  of  our  own  time  and 
country.  Tbe  antlers  must  have  reached  an  immense 
size,  seyeral  specimens  measuring  aboye  thirteen  feet 
fit)m  tip  to  tip. 

(d).  CanidqpardaiidoB, — ^The  Camelopard  or  Giraffe 
{Camehpardalia  Oirafa)  is  tbe  sole  representative  of 
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this  family.  It  is  distinguished  by  the  great  length  of 
neck,  produced  by  the  simple  elongation  of  the  oidinaij 
seven  vertebne.  The  f oie  legs  are  also  elongated ;  the 
radimentaiy  toes^  as  in  the  CameUdm^  are  absent ;  and 
the  horns  are  of  small  size,  persiBtent  throughout  life, 
and  occur  in  both  sexes. 

(c).  Family  Cavieomia. — ^The  "  hoUow-homed^ihcmt- 
nantiOf  comprising  the  Sheep,  Oxen,  Antelopes,  and 
Goats,  form  the  most  typical  examples  of  the  section. 
The  dental  arrangement  of  the  group  is  — 

I  ^;  C  ^  PM  g  M  S  =  32. 

The  horns  are  hollow,  and  consist  of  processes  of 
the  frontal  bone,  invested  by  a  homy  sheath  or  ^  epi- 
dermic case."  The  horns,  further,  are  permanent,  and 
are  generally  possessed  by  both  sexes.  The  rudiment- 
ary toes  situated  on  the  posterior  aspect  of  the  foot 
are  present  in  the  Cavieomia. 

The  Antelopes  (AntHqpidai)  form  the  first  of  the 
three  families  into  which  the  group  is  divided.  They 
closely  resemble  the  Deers,  to  which,  indeed,  they  are 
nearly  allied ;  but  differ  from  the  Cermdm  in  the 
nature  and  disposition  of  the  horns.  The  Chamois 
(Rupicapra  tragus^  inhabiting  the  mountainous  dis- 
tricts of  Central  Europe,  offeis  a  sufficiently  familiar 
example  of  the  group. 

The  Ovidce^  including  the  Sheep  and  Goats,  form  a 
very  laige  division,  remarkable  for  the  number  of 
varieties  included  within  its  limits;  these  varieties 


UNGULATA.  521 

• 
rendering  the  determination  of  the  actual  and  distinct 

species  a  matter  of  extreme  difficulty.     The  Domestic 

Sheep  {Ovis  aries)  exemplifies  the  Sheep  tribe  ;  whilst 

the  Domestic  Goat  (Oapra  hiretis),  distinguished  from 

the  Sheep  by  the  possession  of  a  "  beard,''  and  by  the 

invariable  presence  of  horns  in  both  sexes,  may  be 

taken  as  representing  the  characteristic  features  of  the 

Goats. 

The    BovidcB,  or    Oxen,  possess   horns  of  simple 

rounded  shape,  and  which  do  not  assume  a  twisted  or 

spiral  form.     like  the  Sheep,  the  yarious  breeds  of 

Oxen  have  become  firom  time  to  time  so  intermingled 

that  it  is  impossible  to  give  any  certain  or  decided 

opinion  as  to  the  original  progenitors  of  the  race.    The 

Buffaloes    (Bvhalaa)    of  America,   and    the    Bisons 

(Bonasus),  occurring  also  in  America,  and  but  rarely 

in  Europe,  are  the  chief  foreign  representatives  of  the 

group. 

Sub-Order  B.  Pbrissgdaottla. — In  this  sub-order 
of  Ungulata,  the  fore-limbs  in  all,  save  the  Tapiridce^ 
possess  an  odd  number  of  toes ;  the  hind-limbs  beiog 
invariably  provided  with  an  odd  number  of  digits.  The 
dorsal  and  lumbar  vertebrsB  are  collectively  not  fewer 
than  twenty-two  in  number.  Horns  are  not  generally 
present,  but  when  these  appendages  exist  they  are 
single,  and  placed  in  the  middle  line  of  the  skulL  In 
structure,  the  horns  of  Periasodactyla  are  wholly 
''  epidermal,"  and  thus  consist  of  a  homy  sheath,  "  de- 
void of  a  bony  core."    The  stomach  is  simple  in  struc- 
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tuTe.  The  sub-order  is  divided  into  two  gionps  or 
sections,  distinguished  by  the  number  of  the  toes  or 
hoof&  The  first  of  these  sections,  known  as  the  Mid" 
tunguloy  possess  several  hoofed  toes;  whilst  in  the 
Solidungula  a  single  toe  only  is  present,  this  solitary 
digit  being  enclosed  in  a  solid  expanded  hoof 

Two  families  are  included  in  the  MuUunguUde  section. 

Family  (a).  Bhinocerotidm, — ^The  genus  Bhinoeeros 
typically  represents  this  family,  although  some  authori- 
ties, following  the  example  of  Cuvier,  include  within  its 
limits  the  Hyrax^  or  "  Coney"  of  Scripture,  a  form  oon- 
ceming  the  proper  place  of  which  much  discussion  has 
taken  place.  Thus,  in  certain  systems  of  Mammalian 
classification,  Hyrax  has  been  included  with  the  Rodeii- 
tia  ;  other  observers  again  have  maintained  its  identity 
as  a  transitionary  form,  connecting  the  Ungulata  with 
the  last-mentioned  order,  to  which  indeed,  in  the  dis- 
position of  its  incisor  teeth,  it  bears  a  great  resem- 
blance ;  whilst  a  third  party,  recognising  none  of  these 
affinities,  settle  the  question  by  constituting  for  this 
single  form  a  separate  and  distinct  order  of  Mammalia 
under  the  term  Hyracoidea.  In  the  present  instance 
it  has  been  thought  convenient,  apart  from  technical 
and  anatomical  considerations,  to  retain  the  Hyrax  in 
the  fiunily  Rhinoeerotidm  ;  its  affinities  with  these  forms 
being  found  chiefly  in  the  nature  and  disposition  of  the 
molar  teeth. 

The  distinctive  features  of  the  BhinoeeroHdcB  are 
found  in  the  nearly  equal  development  of  the  second, 
third,  and  fourth  toes  of  both  fore  and  hind  feety  these 


UNGULATA-  623 

digits  being  provided  with  hoofis.  The  under  surfaces 
of  the  metacarpal  and  metatarsal  bones  are  provided 
with  large  cushion-like  pads,  upon  which  the  great 
weight  of  the  body  is  supported.  The  head  is  of 
elongated  shape,  and  provided  with  a  prominent  muzzle, 
which  bears  on  its  superior  aspect  one  or  two  horns, 
these  appendages  being  situated  in  the  middle  line,  and 
borne  by  the  nasal  or  frontal  bones.  The  horns  in  the 
present  instance  are  to  be  regarded  as  simple  develop- 
ments of  the  "  epidermis,"  and  are  thus  closely  allied 
in  their  nature  to  hairs.  The  skin  is  extremely  thick, 
sparsely  covered  with  hairs,  and  in  the  case  of  the  Asiatic 
species,  thrown  into  characteristic  "  rugse"  or  folds.  The 
upper  lip  is  extremely  prominent  and  protrusible.  Teeth 
of  two  kinds  only — incisors  and  molars — ^are  present, 
the  former  variety  being  said  in  some  species  to  be 
deciduous,  and  to  fall  out  on  the  animal  attaining  the 
adult  age.     The  dental  formula,  accordingly,  is — 

Of  the  members  of  this  group,  the  Indian  Bhino- 
ceros  {R,  Indicus),  and  the  Javan  Ehinoceros  (i2. 
Sondaicus),  exemplify  the  one-homed  species ;  whilst 
the  African  Ehinoceros  (R,  bicamis),  and  the 
Sumatran  species  (R,  Sumatrensid),  represent  the  two- 
homed  forms. 

The  genus  Hyrax^  represented  by  several  species, 
of  which  the  Syrian  Hyrax  or  "  Coney"  {H,  Syriaeus) 
is  the  best  known  species,  is  distinguished  by  the 
absence  of  canine  teeth,  and  by  the  peculiar  stmcture  of 
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the  tipper  incisor  teeth,  vhich  grow,  like  those  of  the 
Jtodeniia,  from  permanent  polpa,  and  poaaesB  an  an- 
terior layer  of  enamel  The  molar  teeth  cloeel; 
resemble  those  of  the  Rhinoeerotida.  The  etomach  is 
of  simple  structure,  and  the  snout  is  cleft,  as  in  the 
Sodentia.  The  toes  nnmher  four  in  &ont ;  the  hind- 
limbs  poBsesainj;  only  three  digits. 
The  dental  formula  (Fig.  138)  is— 

I  i^    C   E^   PM  S  M  1^  =  36. 


The  Hyrax  resembles  the  Common  Babbit  in  bLk 
and  appearance.  The  body  is  covered  vith  a  coarse 
fur,  and  in  habits  they  appear  closely  to  resemble  their 
familiar  British  representatives.  The  Airican  species 
{B.  Oapensis),  inhabiting  Southern  Africa,  is  familiarly 
known  as  the  "Cape  Badger." 

Family  (6).  rapiriAp.  —  The  Tapirs  of  South 
America  and  the  Eestem  Archipelago  represent  this 
group,  vhich  is  distingnished  by  the  stunted  proboscis 
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in  which  the  nose  terminates,  and  by  the  fore-feet 
possessing  four  toes,  whilst  the  hind-feet  have  only 
three  digits.  The  skin  is  soft  and  well  provided  with 
hairs,  and  the  tail  is  shortened.   The  dental  formula  is — 

I   S    C    iEl    PM   S    M  g  =  42. 

The  Palceotheriurn^  the  remains  of  which  occur  as 
fossils  of  the  Eocene  formations  of  Europe,  represents 
this  family  in  a  palseontological  aspect. 

In  the  8olidungula,  as  forming  the  second  and 
remaining  section  of  the  Perisaodactyla,  a  single  toe 
only — the  third — is  developed,  this  solitary  digit  being 
encased  in  a  largely-developed  solid  hoof  The  rudi- 
mentaiy  toes  or  hoofs  of  other  Ungulates  are  absent  in  the 
present  instance.     The  dental  formula  (Fig.  139)  is — 

I  S    C  }€i  PM  S    M  1^  =  44. 
Between  the  canine  and  molar  teeth  of  these  forms 


i{     ^m  /    m:     7n  i 


Fig.    139.    UNOUI.ATA. 

D«ntitioii  of  the  apper  Jaw  of  the  Horse  (Equiu) :  i,  1,  2,  8,  incisor  teeth 
e,  rtidimentftry  canine  tooth  ;  p,  2,  8,  4,  pnemolars  ;  m,  1,  2,  8,  molars. 

a  considerable  interval  or  "diastema"  (Fig.  139)  exists, 
and  in  this  vacant  space  the  "  bit,"  used  to  guide  the 
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hoise,  is  placed.  The  first  prsBmolar  tooth  in  the  Soii- 
dungula  is  not  preceded  by  a  milk-tooth,  and  disappears 
at  an  early  period  in  the  life  of  the  animaL  Hence, 
although  reckoned  as  belonging  to  the  permanent  set, 
this  tooth  is  unrepresented  in  the  illustration  (Fig.  139). 
The  canine  teeth,  which  in  this  group  never  attain  a 
great  size  or  importance,  are  present  in  the  males  only. 

The  section  includes  but  a  single  family,  the  Eguidop 
or  Horses,  represented  by  the  two  genera;  Biquus^  or 
Horses,  and  Asinus  or  Asses.  The  Horses  have  homy 
patches  or  callosities  on  the  inner  aspects  of  the  limbs, 
whilst,  in  the  Asses,  these  structures  exist  on  the  fore- 
limbs  only. 

The  Horse  (Equua  cahaUus)  exemplifies  the  first  men- 
tioned genus  j  and  of  this  species  many  varieties  exist 
The  Asses  are  represented  by  the  Wild  Ass  {AmntLni 
onager),  and  by  the  Zebras  and  Quaggas  of  AMca. 

Sub-Order  C.  Proboscidba. — This  sub-order  is  of 
comparatively  modem  construction,  and  is  solely  repre- 
sented by  the  Elephants,  the  characteristic  ''  trunk  "  or 
'<  proboscis,"  into  which  the  nose  is  prolonged,  being 
deemed  a  feature  of  sufficient  importance  to  warrant 
the  isolation  of  these  forms,  and  their  classification  in 
a  distinct  and  separate  section.  The  Prohoseidea  in 
certain  systems  of  classification  are  ranked  as  forming 
a  distinct  order  of  the  class,  the  classification  of  Owen, 
who  regards  them  as  a  section  of  the  UngidcUaf  being 
adopted  iu  the  present  instance. 

The  feet  are  provided  each  with  five  toes,  these 
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digits  being  united  by  a  tbick  oushioa-lika  integument, 
vbicli  forms  a  flat  euifoce  or  sole,  on  which  tbe  great 
weight  of  the  body  is  aapported.  The  nose,  proloi^ed 
into  the  characteristic  "proboscis,"  forms  the  chief 
instrament  of  prehension  in  these  cieatnres.  This  "  pio- 
boscis  "  is  simply  a  muscular  tabs  of  great  flexibility, 
and  capable  of  veiy  extenaiTe  and  lapid  movement. 
The  nostrils  open  at  Its  extremity,  which  is  provided 
with  a  finger-like  process,  by  means  of  which  the 
ammal  is  enabled  to  pick  up  the  smallest  and  moat 
delicate  objects,  as  well  as  those  requiring  great 
strength  for  their  lemovaL 

The  sknll  is  of  large  size,  the  otherwise  immense 


I.    FBOBOaCIDU. 

Upper  mDUr  tooth  of  AFrlcui  EHephAnt  (SlepKai  Afrieanut),  ahowln^  ths 
lOKVi^&flhAped  amngflment  of  th«  eiumel  plfttM  or  rldgfiv. 

weight  of  the  cranium  being  compensated  for  by  the 
large  size  of  tbe  spaces  or  "  sinuses "  in  tbe  frontal 
bones,  which,  being  filled  with  air,  render  the  entire 
stractnre  much  ligbt«r  and  more  eaaily  borne. 

The  dental  arrangement  of  tbe  group  presents  several 
highly  characteristic  features. 

Two  kinds  of  teeth  only — incisors  and  molars — are 
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found  in  existing  Proboaddea,  the  dental  fonnuU 
being,  according  to  Owen,  I  ^z^  M  ^  ^  28. 
From  this  formula  it  wjlt  be  seen  that  incisor  teeth 
are  present  in  the  upper  jaw  only,  and  of  these 
teeth  two  are  abnormally  developed  to  fonn  "tuakg," 
of  great  length  and  of  peculiar  atructare ;  these 
organs  being  composed  of  "cement"  and  "den- 
tine "  only,  the  "  enamel "  being  very  generally  absent. 
These  "tDsks"  spring  &om  a  permanent  palp,  and  thus 
continue  to  grow  throughout  the  life  of  the  animal 
The  inciaoni  alone,  in  the  Elephants,  are  preceded  by 


Tig.  HI.  FsoBoectDin. 
Uppar  nobi  lootli  at  iDdiu  Elcpbut  (filqiltai  /ndinuX  ibi 
T«n«  urugament  or  th«  euuuel  pUtci  {d  dX 
borden  {( t). 

milk-teeth.  The  molar  teeth  also  exhibit  a  character- 
istic atracture ;  the  crowns  of  these  t«eth  bearing  dis- 
tinct markings,  which  differ  in  form  and  appearance 
in  the  existing  species.  Thus,  in  the  molars  of  tha 
African  Elephant  (Fig.  HO),  the  plates  of  enamel  id) 
are  large,  and  exhibit  a  lozenge  or  diamond  shape ; 
whilst  in  the  Indiaa  species  (Fig.  141)  the  plates  or 
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ridges  are  relativelj  narrower,  arranged  in  transverse 
bands  or  bars  (eQ,  and  exhibit  a  "  festooning"  of  the 
edges  of  the  bands  (a).  * 

The  existing  Proboacidea  are  represented  by  two 
species ;  the  Indian  Elephant  (Elephas  (Euelephas) 
Indieus),  and  the  AMcan  Elephant  (E.  (Loxodon)  Afri- 
canus).  The  former  species  is  recognised  by  the  con- 
cave character  of  the  forehead,  by  the  relatively  small 
size  of  its  ears,  and  by  the  transverse  arrangement  of 
the  enamel  bands  of  the  molar  teeth.  The  African 
species  is  distingoished  by  its  convex  forehead,  by  its 
large  ears,  and  by  the  lozenge-shaped  disposition  of  the 
enamel  plates  in  the  molars. 

The  palaeontology  of  the  group  rivals  that  of  almost 
any  other  division  of  the  animal  kingdom,  so  far  as  re- 
gards the  many  and  interesting  features  which  these 
forms  present  in  the  distributional  relations  of  the  past. 
Three  distinct  forms  may  be  mentioned  as  representing 
extinct  Ptohoaeidea,  the  first  and  oldest  of  these  being 
the  Dinothenumf  a  gigantic  form,  the  fossil  remains  of 
which  occur  in  the  Miocene  formations.  Whilst  nearly 
allied  to  existing  Elephants,  this  form  differed  from 
them  in  several  important  particulars.  Thus,  the  tusks 
of  the  Dinotherium  sprang  from  the  lower  jaw ;  their 
curvature  being  in  exactly  the  opposite  direction  to 
that  of  the  tusks  in  existing  Elephants.  The  upper  jaw 
was  unprovided  with  indsors  or  canines ;  the  only  teeth 
which  therefore  existed  in  this  form  being  the  molars 
in  each  jaw,  and,  in  addition  to  these,  the  incisor  tusks 
of  the  lower  jaw.     A  careful  study  of  the  homo- 

2m 
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logics  of  the  Dinotliertvm  has  led  to  the  conclusioD 
that  in  all  probability  this  form  vas  semi-aqnatic  or 
amphibious  in  ite  habit%  and  that  the  peculiar  arrange- 
ment of  the  tusks  "  served  to  detach  and  tear  up  by 
the  roots  the  aquatic  plants  upon  which  it  fed,  as  well 
as  for  weapons  of  defence  or  combat." 

The  Mammoth  (Elephat  primigeniui)  fonna  perhapf 
the  most  remarkable  of  fossil  ProboerAdea.  Spedmeus 
of  this  gigantic  form  have  been  found,  litetally  packed 
and  preserved,  amid  Siberian  icebergs ;  its  remains  hav- 
ing been  long  sought  after  for  the  sake  of  the  ivory  o[ 


the  immense  tusks.  Our  knowledge  of  the  conforma- 
tion of  the  Uammoth  was  rendered  both  extensive  and 
correct  by  the  diacoveiy  of  an  entire  specimen  imbeddeii 
in  the  ice,  near  the  mouth  of  the  river  Lena,  in  Siberia, 
and  the  skeleton  of  which  is  now  preserved  in  tb<; 
museum  of  the  Academy  at  St  Petersburg.  The  skin 
was  covered  by  a  woolly  fur  of  a  reddish  colour,  inter- 
spersed with  black  hairs.     The  structure  of  the  mola 
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teeth  of  the  Mammoth  (Fig.  142)  resembles  most  closely 
that  of  the  ezistmg  Indian  Elephant  (Fig.  141),  and 
the  tusks  were  of  large  or  evea  gigantic  size. 

The  Mastodon  forms  the  only  remaining  genus  worthy 
of  notice.  This  form  bears  a  close  resemblance  to  exist- 
ing Proboacidea.  The  molar  teeth  of  this  latter  form 
exhibited  a  "  tuberculate  "  structure,  and  the  lower  jaw 
appears  to  have  been  furnished  with  incisor  teeth. 

The  remains  of  these  extinct  Proboscideans,  found 
very  generally  distributed  over  the  northern  parts  of 
Europe  and  Asia,  and  the  particular  structure  of  the 
body-covering,  would  seem  to  indicate  a  wide  distribu- 
tion, in  latitudes  in  which  the  existing  species  would  be 
totally  unfitted  to  reside ;  the  general  conformation  of 
these  forms  being  specially  suited  to  enable  them  to 
withstand  the  rigour  and  severity  of  the  Arctic  seasons. 
In  another  sense,  the  palaeontology  of  the  group  is  quite 
as  interesting,  as  affording  some  hint«  as  to  the  pro- 
bable Fauna  which  co-existed  with  primitive  Man.  The 
remains  of  these  forms  being  found  in  close  proximity 
to  traces  of  human  handiwork,  the  inference  that  they 
existed  contemporaneously  with  the  early  human  inha- 
bitants of  these  particular  regions  is  at  once  safe  and 
justifiable.  The  remains  of  the  Mammoth  and  its  Pro- 
boscidean neighbours  exist  as  characteristic  fossils  of  the 
Tertiary  and  Post-tertiary  or  Becent  systems  of  the 
Cainozoic  period. 


CHAPTER  XXXI. 
Proyikgb  G — Mammalia. 

Olasaification  of  MhrnrntiWH^ConHnued). 

Order  7.  Cabnivora. — ^The  distingaishing  characteris- 
tics of  the  Camivarotie  Mammalia  are  found  in  the 
perfection  of  stractnre,  arrangement^  number,  and  de- 
velopment of  the  teeth  ;  these  organs  being  present  in 
all  their  varieties,  and  exhibiting  the  typical  structure 
already  described.  The  incisors  are  in  general  of  small 
size,  and  exist  typically  to  the  number  of  six  in  each 
jaw.  The  canine  teeth,  numbering  two  in  each  jaw, 
exhibit,  with  the  molars,  several  features  of  special  and 
distinctive  interest  Thus  the  canine  teeth  are  larger 
and  stronger  than  in  ordinary  cases,  and  are  also  curved 
and  pointed — features  in  the  structure  of  these  organs 
which  render  them  admirably  adapted  for  holding  and 
tearing  the  flesh  upon  which  these  animals  subsist 
The  molar  teeth  generally  possess  sharp  cutting  edges, 
those  of  the  lower  jaw  approximating  closely  to  thoee 
of  the  upper  jaw,  so  as  to  form  an  efficient  dividing 
and  cutting  apparatus.  The  prssmolars  are  of  conical 
shape,  being  inserted  in  the  jaw  by  single  roots  onlj ; 
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whilst  of  the  trae  molars,  the  last  tooth  in  the  lower 
jaw  and  the  last  but  one  in  the  upper  jaw  are  termed 
"camassial,"  "sectorial,"  or  "flesh-teeth;"  the  name 
being  applied  in  allusion  to  the  trenchant  edges  and 
stracture,  as  pre-eminently  adapted  for  the  division  of 
flesh. 

In  the  less  typical  forms,  exemplified  by  the  Bears 
and  their  allies  (Fig.  145),  which  exist  on  a  more  or 
less  mixed  diet,  the  molars  exhibit  a  "  tuberculate" 
arrangement  of  their  crowns;  this  latter  modification 
showing  the  adaptation  of  the  molars,  in  such  cases, 
for  a  bruising  or  triturating,  rather  than  a  cutting 
function. 

The  movements  of  the  jaws  in  Camivora  are  limited 
in  extent,  a  vertical  motion  being  that  to  which  the 
muscular  movements  are  principally  directed ;  motion 
in  this  direction  being  well  calculated  to  enable  the 
molar  teeth  to  perform  their  work  in  the  most  effective 
manner. 

The  bones  of  the  face  are  shortened,  those  of  the 
cranial  portion  of  the  skull  exhibiting,  by  their  propor- 
tions and  solidity,  an  adaptation  to  the  strong  muscular 
attachments,  particularly  of  the  jaws.  The  vertebral 
column  (Fig.  91),  as  a  whole,  also  evinces  in  its  struc- 
ture and  conformation  a  conformability  to  the  habits 
and  life  of  the  various  members  of  the  group.  Thus, 
in  those  forms  exemplified  by  the  lion  and  Tiger,  in 
which  the  movements  are  active,  the  lumbar  region  is 
elongated  and  strengthened,  and  thus  affords  a  firm 
base  or  resisting-point  in  the  movements  of  springing 
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and  leaping,  in  wbich  tlieaa  cieatures  indul;^  The 
clsTioles  (F^.  91,  k)  axe  rudimentary  thTonghont  the 
order. 

The  Btractora  of  the  feet  presents  three  character- 
iatic  varieties,  which  hare  been  made  nse  of  in  the 
classification  of  the  gronp.      Thus,  in  the  Gnt  of  the 


F»t  or  CunJion.  A,  Foot  at  LIod  (FaU):(IHgUltrailai:  a,  UbU:  k 
Dboli ;  c,  oa  olcU,  or  hnl-bone  :  il.  otber  l»a»  of  tamu ;  t,  naH- 
Umu;  /,  pluUngeL  B,  Foot  of  Bur  (Unta);  (PlaaHfndriX  C, 
Hinder  extrsmitlti  ot  Bui  (Pluaa);  (Pdwlfroda).  RcfattoeM  u  Is 
flnt  flgnra. 

sections  into  which  the  Camivora  have  been  divided — 
that  of  the  Pinnipedia  or  Pinnigrada — the  limbs  are 
converted  into  natatorial  organs  (Fig.  143,  C) ;  the  toes 
being  united  by  a  web,  and  the  limbs  themselTM 
bung  shortened,  flattened,  and  otberwiae  adapted  to 
the  requirements  of  an  aquatic  existence.     In  the 
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Bears,  as  exexnplifyiDg  the  Plardigrada^  or  second 
section,  the  entire  sole  of  the  foot  is  placed  on  the 
ground  in  walking ;  the  tarsal  and  metataisal  bones 
(Fig.  143,  B,  d  e),  being  elongated,  and  the  phalanges 
(/),  entirely  resting  upon  the  ground.  In  the  Digi- 
tigrada  (Fig.  143,  A),  exemplified  by  the  lions  and 
their  allies,  the  animals  walk  on  the  tips  of  the  toes 
(/),  the  terminal  phalanges  only  resting  on  the  ground, 
and  the  heel  (c),  being  accordingly  drawn  upwards  on 
the  leg. 

In  the  msyority  of  instances  the  terminal  phalanges 
are  armed  with  sharp,  hooked  claws,  which,  in  the 
typical  Camivoraf  can  be  retracted  or  protruded  at 
will. 

The  order  is  divided  into  three  groups  or  sections, 
distinguished,  as  above  noticed,  chiefly  by  the  nature 
of  the  progression  and  consequent  structure  of  the 
limbs. 

Section  A.  Pinnigrada  (Pinnipedia). — ^The  members 
of  the  present  section,  represented  by  the  Seals  and 
Walruses  (Fig.  144),  exhibit  the  farthest  departure 
from  the  typical  Carnivorous  structure ;  the  modifica- 
tions of  structure  being  observable  in  the  form  of  the 
feet,  and  in  the  general  conformation  of  the  body, 
which  is  thus  adapted  for  a  life  that,  to  all  intents 
and  purposes,  may  be  termed  iBU][uatic.  The  body  is  of 
cylindrical  form,  and  tapers  towards  the  posterior 
extremity.  It  is  usually  covered  by  a  coating  of  soft 
downy  fur,  interspersed  with  silky  hairs.     The  position 
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of  the  limbs  affords  a  characteristic  feature  of  the  group, 
the  fore-limbs  being  generally  closely  connected  by 
integument  with  the  body,  whilst  the  hiad-limbs  are 
situated  flEtr  back,  and  are  turned  backwards  in  nearly 
the  same  line  or  axis  as  the  body.  These  latter  mem- 
bers thus  form  the  chief  agents  in  the  progression 
of  these  creatures;  the  fore-limbs  being  principally 
used  to  guide  the  movements  of  the  animal.  The 
integument  of  the  posterior  portion  of  the  body  is 
generally  extended  to  unite  the  tail  and  hinder 
extremities  together;  a  horizontal  or  transverse  iin, 
analogous  to  the  caudal  fin  of  Cetacea^  being  thus 
formed. 

The  three  varieties  of  teeth  are  present  in  the 
Pinnigrada,  the  dentition,  however,  vaiying  in  arrange- 
ment throughout  the  group. 

The  eyes  are  generally  of  large  size  and  expressive, 
and  evince  a  degree  of  intelligence  and  sagacity  which 
would  hardly  be  expected  in  such  animals.  A  true 
external  ear  is  usually  absent^  or,  when  present,  is  of 
rudimentary  construction;  the  auditory  passage  being 
protected  by  a  valvular  process,  which  the  animal  has 
the  power  of  closing  at  will.  The  ears,  together  with 
the  nostrils,  which  can  also  be  voluntarily  doeed,  are 
thus  protected  when  the  animal  dives  under  the  surEaoe 
of  the  water. 

Three  families  are  included  in  this  sectioiL  (a)  The 
Otaridm  or  Eared  Seals  form  the  first  of  thesey  and 
are  distinguished  by  the  presence  of  a  rudimentaiy 
"pinna,"  or  external  ear.       These  Seals  appear  to 
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possess,  relatively,  greater  powers  of  teneatrial  progres- 
sion than  the  other  genera,  and  &om  their  appearance 
have  been  long  popularly  known  aa  "  Sea  Lions  "  and 
"  Sea  Bears."  They  inhabit  the  Southern  and  Pacific 
Oceans ;  the  Otaria  juhata,  or  Sea  Lion,  and  Otaria 


Ths  Walnu  {TrlOttmi  romamt},  (North  Set),  iliowliig  tha  nppa  IneUon 
In  Ui«  fonii  ot  tnekJi. 

ursirta,  or  "  Sea  Bear,"  exemplifying  the  most  familiar 
species  of  this  group.  The  (6)  TrichecidcB  or  Walrusea 
(Fig.  Hi)  form  the  second  family,  which  includes  but 
a  single  species — the  Walrus  or  Morse — Trichecus 
Toamarm,  The  distinctiTe  features  of  the  group  are 
found  in  the  peculiarities  of  the  dentition.  The  dental 
formula  of  the  adult  is  : — 

I  ^  C  i=J  PM  and  M  ^  +  J^    =24. 

The  youi^  animal  appears  to  be  provided  with  six 
upper  and  four  lower  incisors,  those  teeth  being  deci- 
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daons,  and  fjBdling  out^  with  the  exception  of  the  two 
outermost  of  the  upper  incisoFB.  The  upper  caninee 
are  largely  developed,  to  form  two  laige  pointed  tusks 
(Fig.  144),  which  are  curved  downwards,  attaining  in 
some  instances  a  length  of  two  feet  These  tusks 
spring  from  a  persistent  pulp,  and  so  continue  to  grow 
during  the  entire  lifetime  of  the  animal 

The  Walrus  is  an  animal  of  heavy  build,  the  body 
being  covered  with  short  hairs  of  a  yellowish  hua 
These  forms  appear  to  be  principally  herbivorous  in 
their  habits,  and  to  live  chiefly  on  seaweed  and  sub- 
stances of  a  similar  kind.  The  tusks  are  used  as  a 
means  of  defence,  and  also  serve  to  assist  the  animal  in 
climbing  on  the  ice.  Like  the  Seals,  it  is  hunted  for  the 
sake  of  the  oil  contained  in  the  blubber,  and  also  for  the 
ivory  furnished  by  the  tusks. 

The  (c)  Phocidce  or  Seals  form  the  remaining  family 
included  .in  this  section.  An  external  ear  is  entirely 
wanting,  and  the  hind-limbs  are  stretched  out  pos- 
teriorly, and  united  by  the  common  integument  with 
the  tail.  The  Seals  inhabit  the  Southern  Seas  in  great 
numbers ;  and  four  species  are  known  to  inhabit  the 
British  coasts.  Of  these  the  most  familiar  is  the  Phoca 
vihdina  or  Common  Seal,  which  is  sought  after  chiefly 
for  the  sake  of  the  blubber.  In  habits  the  Seals  are 
carnivorous,  living  principally  upon  fishes,  which  they 
capture  with'  great  ease  and  dexterity.  They  inhabit 
the  coasts,  and  rocks  near  the  shore^  but  rarely  ventur- 
ing upon  land,  their  gait  on  shore  being  awkward  and 
laborious  in  the  extreme.    The  most  fiimiliar  foreign 
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species  are  the  Harp  Seal  {Phoca  Greenlandiea),  and 
Great  Seal  (P.  barbata),  which  latter  occasionally 
attains  a  length  of  ten  feet. 

Section  K  Plantigrada. — In  this  section,  typically 
repieeented  bj  the  Beats  (Uraidat),  the  entire  sole  of 
the  foot  is  applied  to  the  groond  in  walking.  The  foot 
in  Plantigrada  is  accordingly  elongated  (Fig.  143,  fi), 


Fig.  Its.  Cas; 

ntiX  thowlng  the  dcntltioD. 

and  its  several  regions  are  flattened  in  accordance  with 
the  mode  of  progression  of  the  included  forms.  The 
stnictnre  of  the  teeth  exemplifies  a  departure  from  the 
ordinaiy  Camivoroua  type,  the  crowns  of  the  molar 
teeth  beii^  "  tuberculate,"  or  fbrnished  with  small 
tubercles  or  prominencea,  evisciiig  an  adaptation  to  a 
vegetable  diet.  The  dental  formala  (Fig.  145)  of  the 
group  is : — 

I  t^  C   1^1  PM  ^   M  1=^  =  43 
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Two  typical  families  are  included  in  this  section,  the 
UrsidcB  or  Bears,  and  Mdidx  or  Badgers.  The  UrsicUt 
have  a  wide  geographical  distribution,  the  family  pos- 
sessing representative  members  in  nearly  every  quarter  of 
the  globe  j  Australia  in  this,  as  in  other  instances,  forming 
an  exception  to  the  almost  universal  occurrence  of  these 
animals.  The  most  familiar  forms  are  the  Brown  Bear 
( Ursus  Arctos) ;  the  American  or  Black  Bear  (CT.  Ameri- 
eanus) ;  and  the  Grizzly  Bear  (U.  ferox),  of  the  moun- 
tainous districts  of  America.  The  White  or  Polar  Bear 
{Thala88ardo8  maritimus)  of  the  Arctic  regions,  also 
exemplifies  this  group ;  this  latter  form,  however,  being 
carnivorous  in  its  habits.  The  only  extinct  form  worthy 
of  present  mention  is  the  Cave  Bear  (Ursus  spelceus\ 
the  remains  of  which,  occurring  in  caves,  have  been 
found  in  Britain,  and  over  Europe  generally,  in  juxta- 
position with  the  remains  of  allied  Carrdvord.  The 
Cave  Bear  was  of  large  size,  and,  from  the  position 
and  relations  of  its  remains,  must  have  become  ex- 
tinct at  a  comparatively  recent  period,  geologically 
speaking. 

The  Bacoons  (Procyon)  and  Coatis  (i^To^tia)  of  North 
America,  and  the  Kinksgous  {Cerccieptes)^  inhabiting 
the  tropical  regions  of  America,  are  generally  classed 
\vith  the  Flantigrada,  although  their  true  position  is 
still  a  matter  of  discussion. 

The  MdidcB  or  Badgers  form  the  remaining  family 
of  this  section,  and  concerning  the  proper  place  of  these 
forms  also,  much  discussion  still  prevails.  The  body 
is  elongated,  the  legs  being  stunted,  and  the  molar 
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teeth  possess  partly  trenchant  edges.  The  Common 
Badger  (Meles  taxus)  exemplifies  the  family  in  Europe 
generally,  and  the  Wolverine  or  Glutton  {Chdo  Arcticus) 
represents  the  group  in  North  America.  It  derives  its 
name  from  its  supposed  gluttonous  propensities,  which, 
if  not  wholly  without  foundation,  have  certainly  been 
much  exaggerated. 

The  Honey-Badgers  of  AMca  (MelUvora)  are  also 
included  in  the  present  family,  their  familiar  name 
sufficiently  indicating  their  chief  article  of  diet 

Section  C.  Digitigrada, — These  forms  walk  exclu- 
sively on  the  tips  of  the  terminal  phalanges  of  the  feet 
(Fig.  143,  A).  The  legs  are  slender,  but  the  muscular 
system  is  well  and  powerfully  developed.  The  Digiti- 
grada  exemplify  the  most  active  of  Carnivorous  forms, 
their  habits  being  accordingly  of  the  predaceous  kind. 
The  group  includes  many  familiar  forms,  and  the 
fEunilies  into  which  it  is  divided  will  each  require  but 
a  passing  notice. 

(a).  Family  CanidoB, — The  Dogs  and  Wolves  ex- 
emplify this  subdivision,  which  also  includes  the 
Foxes  iytdpea)  and  Jackals.  Of  these  forms  the  Dog 
and  Wolf  are  nearly  allied  in  most,  if  not  in  all,  struc- 
tural points.  The  fore-feet  are  furnished  each  with 
five  toes,  the  hind  feet  possessing  only  four  digits. 
The  dental  formula  entirely  agrees  with  that  of  the 
Bears. 

(&).  Family  Fdidoe, — This  &mily  includes  the  most 
typical  Carnivores,  and  is  represented  by  the  Lions, 
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Tigers,  Leopards,  Panthers,  Cats,  etc      The   dental 
formula  is : — 

I  ?z5  C   t=?    PM  ?=?   M  til    =    30. 

^    8-3    ^     1—1  2—2  1—1 

(c).  Family  Hycenidcd, — The  Hyaenas,  representing 
this  family,  may  be  considered  as  constituting  a  con- 
necting link  between  the  Fdidce  and  ViverricUB,  in 
which  latter  forms  the  special  features  of  the  order  are 
less  strongly  marked.  In  form  the  Hyspnas  bear  a 
strong  resemblance  to  the  CanidcB,  the  body,  however, 
in  the  Hycenidce  being  depressed  towards  its  posterior 
extremity,  owing  to  the  relative  shortness  of  the  hinder 
legs.  The  feet  are  each  provided  with  four  toes  only. 
The  Striped  HysBua  {Hycena  driaia\  inhabiting 
Northern  AMca  and  Asia,  and  the  Spotted  Hyaena 
{H,  crocvia\  found  in  the  Southern  districts  of  AMca, 
may  be  regarded  as  typically  representing  the  fEunily. 
In  proximity  to  the  remains  of  the  Cave  Bear  the 
bones  of  an  extinct  species  of  Hyaena,  to  which  the 
epithet  of  ''Cave  Hyaena"  {Hycena  spdcea)  has  been 
applied,  are  ofben  found ;  the  palaeontological  relations 
of  this  form  coinciding  with  those  already  mentioned 
in  the  case  of  the  Cave  Bear. 

(d).  Family  Viverridce, — The  consideration  of  this 
family  introduces  us  to  two  groups,  which,  in  certain 
•minor  points,  differ  from  the  bulk  of  Digitigrade  forms. 
The  Viverridce  and  Mustdidce  are  accordingly  included 
under  the  common  term  Semi-planiigrada,  since,  in 
walking,  these  animals  apply  part  of  the  sole  to  the 
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ground ;  the  heel,  however,  as  in  the  other  and  typical 
Digitigrades^  being  raised  and  &ee  from  the  ground. 
Whilst  thus  forming  a  connecting  link  between  the 
Plardigrada  and  Digitigrada,  the  Viverridm  appear  to 
possess  intimate  relations  with  the  Hycmidm  also. 
The  dental  formula  is  : — 

J  8-8    Q    1-1    pjj     8:^8    ;^    8-3     __     ^q 
8—8    ^    1—1  *— 4  2—2 

A  feature  of  special  interest  in  the  economy  of  the 
Semi'plantigrada  ia  the  very  general  presence  of  an 
anal  pouch  or  gland,  secreting  an  odoriferous  matter, 
which  in  certain  forms  furnishes  a  substance  of  com- 
mercial repute,  whilst  in  others  the  secretion  is  used, 
from  its  highly  oifensive  nature,  as  a  means  of  de- 
fence. 

The  Civets  (Vwerra\  inhabiting  Africa,  exemplify 
the  present  family,  and  are  noted  for  the  secretion  of 
the  anal  gland,  known  commercially  as  "  civet/'  The 
Genette  {Viverra  genetta),  inhabiting  Southern  Europe 
and  Africa,  also  represents  the  group ;  and  the  Ichneu- 
mon (Herpestes  Ichneumon)  of  IJgypt,  famed  as  the 
destroyer  of  the  eggs  of  Crocodiles,  Snakes,  and  other 
Reptiles,  ia  also  included  in  the  present  feimily. 

(e).  Family  Mu8tdldcB.—Th&  Mustdidce  or  Weasels, 
forming  the  concluding  group  of  the  Camivora,  are 
distinguished  by  their  elongated  bodies,  and  by  the 
possession,  in  many  instances,  of  anal  glands.  Kearly 
all  the  members  of  this  group  enjoy  a  high  commercial 
reputation,  on  account  of  the  furs  manufactured  from 
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their  akiiiB,  and  for  which  they  are  aoooidingly  eagedy 
sought  after  and  pniBued. 

The  Weasel  {Mugtda  vulgaris)  and  Polecat  (if. 
piUcrius)  are  familiar  British  repreaentatiyea  of  the 
family ;  whilst  the  Stoat  or  Ermine  {M,  enmjiea)  and 
the  Sable  Marten  (if.  9ibdlina\  inhabiting  the  northern 
regions  of  the  world,  exemplify  the  foreign  and  most 
celebrated  members  of  the  group.  The  Skunk  {MephUis 
putorius)  of  America,  noted  on  account  of  the  offenaiye 
nature  of  the  secretion  furnished  by  the  anal  glands, 
is  also  included  in  this  family ;  and  the  Otters  (Lufm), 
of  which  the  British  Otter  (Luira  mUffaris)  and  the 
Canadian  species  (L.  canadensis)  are  &miliar  examples, 
form  the  only  remaining  members  of  the  group  which 
may  be  noticed  in  the  present  instance. 

Order  8.  Bodbntia. — As  implied  by  the  term 
RodmtiOy  the  structure  and  disposition  of  the  teeth 
form  the  leading  characters  by  which  this  group  of 
jMiiniftlft  is  distinguished.  On  examining  the  mouth  of 
a  Bodent  animal  two  kinds  of  teeth  only — ^incisors  and 
molars — are  seen  to  compose  the  dental  apparatus. 
The  incisors  (Eig.  146,  t)  attract  attention,  not  only 
from  their  large  size,  but  also  from  the  peculiarity  of 
form  and  disposition.  These  teeth,  usually  numbering 
two  in  each  jaw,  are  curved  in  a  characteristic  manner; 
those  of  the  upper  jaw,  to  use  the  words  of  Professor 
Owen,  describing  ''  a  larger  segment  of  a  smaller  circle : 
the  lower  ones  a  smaller  segment  of  a  larger  circle." 
The  incisors  are  deeply  rooted  in  each  jaw,  their  roots 
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paaaisg  poateriorly,  and  under  the  molai  teeth,  to 
termmato  in  a  peisiBtent  pulp,  by  whioh  new  depoai- 
tions  of  dental  sabstanoe  aie  being  made  as  continually 
as  the  t«eth  an  being  abraded  and  worn  away  by  the 
process  of  attrition  to  which  they  are  anbjeoted.  The 
intimate  Btractore  of  the  teeth  further  deroande  atten- 
tion, inasmuch  as,  owing  to  the  peculiar  arrangement  of 
the  dental  substance,  the  loss  of  tissue  consequent  on 


the  dae  performance  of  their  function  is  equalised  and 
pionded  for  in  the  most  perfect  manner.  Anteriorly, 
or  on  its  &ont  sur&ce,  eadi  incisor  tooth  consiste  of  a 
layer  of  hard  enamel,  the  poeterior  part  and  larger 
moiety  of  the  organ  being  composed  of  the  ordinary 
and  softer  "dentine,"  together  with  "cement."  The 
hardest  part  of  the  tooth  is  therefore  its  front  or 
anterior  portion,  and  the  wec^  and  attrition  acting 
almost  solely  upon  the  st^r  posterior  part,  tends  thus 
to  render  the  front  portion  still  more  oblique,  and  to  pre- 
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Berve  a  sharps  chiael-like,  anterior  edge.  And  if  to  this 
action,  the  result  of  which  is  to  preserve  a  persistent 
edge  anteriorly,  we  add  the  continual  growth  from  the 
pulp,  we  complete  the  consideration  of  a  series  of  actions, 
in  themselves  as  harmonious  and  as  indicative  of  design 
as  can  well  be  found  in  the  animal  economy. 

A  considerable  interval  or  "diastema"  exists  (Fig. 
146)  between  the  incisor  and  molar  teeth,  the  free  and 
unimpeded  action  of  the  former  teeth  being  thus 
secured ;  whilst  the  mode  of  articulation  of  the  lower 
jaw,  by  means  of  an  elongated  "  condyle,"  or  articulat- 
ing process,  permitting  of  extensive  movement  from 
behind  forwards,  is  also  well  calculated  to  further  in- 
crease the  efficiency  of  the  dental  apparatus.  The 
molars,  varying  in  number  &om  two  to  six  on  each  side 
of  the  jaws,  are  also  of  strong  construction,  and  differ 
in  their  structure,  and  in  the  mode  in  which  they  are 
fixed  in  the  jaw-bones ;  these  teeth  being  fixed,  as  in 
ordinary  cases,  by  roots,  but  sometimes,  like  the  incisors, 
continuing  to  grow  throughout  life. 

The  dental  formula  of  the  Babbit^  in  which,  how- 
ever, two  small  incisors  exist  in  the  upper  jaw,  behind 
the  true  functional  gnawing  teeth,  is  as  follows,  and 
may  be  taken  as  almost  typical  of  the  group : — 

I  ?=?  C  ^  PM  ?=?  M  ?^    =    28. 


The  feet  are  generally  each  provided  with  five  toes, 
the  great  toe  or  "  hallux  "  of  each  foot  resembling  the 
other  digits  in  size  and  conformation.  The  clavicles, 
whilst  usually  present,  are  at  the  best  but  imperfectly 
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developed,  and  in  some  instances,  as  in  the  Guinea- 
pigs,  they  may  be  altogether  wanting.  The  surface  of  the 
brain  presents  a  special  peculiarity  of  structure,  in  that 
it  is  almost  entirely  destitute  of  convolutions ;  the 
cerebellum  or  lesser  brain  being  left  almost  entirely 
uncovered  by  the  cerebrum  or  brain  proper.  These 
characteristics  would  seem  to  indicate  a  near  approach, 
in  the  characters  of  the  nervous  system  at  leasts  to  the 
Implacental  Mammalia,  with  which  group  the  Bodentia 
are  by  some  authorities  said  not  to  be  without  intimate 
relations. 

The  order  ia  divided  into  numerous  fBimilies,  the 
more  important  of  which  need  only  be  briefly  referred  to. 

(a.)  Family  Leporidce. — ^The  members  of  this  group, 
represented  by  the  Hares  and  Eabbits  (Z^pu^),  are  dis- 
tinguished by  the  possession  of  two  additional  and 
small  incisors  in  the  upper  jaw.  The  dental  formula 
has  already  been  given. 

(&)  Family  GavidcB, — ^The  Cavies  are  distinguished 
by  the  possession  of  a  hairy  body,  and  by  the  absence 
or  very  rudimentary  condition  of  the  tail  The  limbs 
are  also  of  more  equal  size  than  in  the  preceding  group. 
The  feet  are  provided  with  three  toes  only,  and  the 
nails  assume  a  hoof-Uke  character  and  form.  The  Capy- 
bara  (Hydrochcerus  capyhara)  of  South  America,  and 
the  Ouineappig  {Cavia  (gperasa\  furnish  examples  of  this 
fsunily. 

(c.)  Family  HydricidoB.— The  Porcupines  (Fig.  146) 
are  distinguished  by  the  peculiar  nature  of  the  body- 
coveiing,  which  consists  of  bristly  hairs,  interspersed 
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with  spinesL  Tbe  molar  teeth  number  eight  in  each 
jaw.  The  Common  Porcapine  of  Southern  Europe 
(Hy^trix  crislata\  and  the  Korth  Amerifflin  speciee 
(Eretkizon  dortata),  exemplify  tiie  groupi  The  South 
American  genua  Oereolabes  poeaeas  an  elongated,  pre- 
hensile tail,  awrirting  theae  animala  in  their  aaoenta  and 
morementa  among  treea,  their  life  being  thus  princi- 
pally arboreaL 

((/.)  Familj  Ccutaridce. — The  Beavera,  lepreaentang 
this  division,  are  adapted  for  an  amphibioua  life,  the 
toes  of  the  hinder  feet  being  united  by  a  web  or  mem- 
brane. The  enamel  of  the  molar  teeth  exhibits  a  aeziea 
of  convolntionSy  giving  to  these  teeth  a  highly  compli- 
cated and  characteristic  appearance.  The  feet  are  pro- 
vided each  with  five  toes,  and  the  character  of  the  tail, 
which  is  generally  of  large  size  and  flattened,  also  affords 
a  distinctive  feature  of  the  group.  Thq  Beaver  (Castor 
fiber)  has,  from  the  unremitting  pursuit  with  which  it 
has  been  followed,  become  nearly  wholly  exterminated 
in  Europe,  and  its  American  neighbours  are  from  the 
same  cause  said  to  be  growing  both  acaroe  and  rare. 
These  forms  are  sought  after  for  their  tax,  and  also  on 
account  of  the  substance  secreted  by  the  anal  sacs  or 
glands,  which  \b  used  in  medidne,  and  known  aa  ''  caa- 
toreuuL*'  The  Beavers  are  aocial  in  their  habita,  living 
in  communities,  and  constructing  on  the  rivers  they 
inhabit  large  dams,  and  habitations  or  "  lodges,*'  formed 
of  the  stems  and  branches  of  trees,  which  they  are  said 
to  fell  by  the  gnawing  action  of  the  incisor  teeth. 
The  Musquash  of  North  America  {Fiber  ZihetMau), 
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and  Coypn  of  South  America  (Myqpotamus  coypu8\ 
aie  also  included  in  this  family. 

(€.)  Family  Muridce, — In  the  Bats  and  Mice,  as 
forming  typical  examples  of  this  fEuoily,  the  tail  is 
elongated,  and  usually  destitute  of  hairs.  The  f ore  feet 
are  provided  with  four  toes,  and  an  abortive. thumb ;, 
the  hinder  feet  possessing  five  toes.  The  clavicles  are 
well  developed  in  the  present  instance.  The  Eats  and 
Mice,  forming  a  single  genus  (ift»),  ^^  divisible  into  a 
laige  number  of  species.  Of  the  Bats,  the  most  familiar 
are  the  Brown  Bat  {Mus  decumantui),  and  the  Black 
Bat  {Mu8  rattus)  ;  whilst  of  the  Mice,  the  best  known 
species  are  the  Common  Mouse  {Mtis  musculus),  the 
Harvest-mouse  (3f.  messonus)^  and  the  Field-mouse 
(^M.  sylvaticus).  The  Lemmings  (Myodes),  found  in- 
habiting Korthem  Europe,  are  allied  to  the  Bats,  and 
are  noted  principally  for  their  migratory  habits,  and 
for  the  persistency  with  which  they  pursue  their  way ; 
preserving  in  their  route  an  unbroken  course,  and  cross- 
ing in  their  journeys  rivers  and  lakes  of  considerable 
breadth. 

(/.)  Family  DipodidcR, — ^The  Jerboas  somewhat  re- 
semble diminutive  Elangaroos  in  appearance,  the  hind- 
legs  being,  as  in  these  MarmpialSy  greatly  elongated 
They  inhabit  Asia,  AMca,  and  North  America,  and  live 
in  communities.  The  most  familiar  species  is  the 
Egyptian  Jerboa  {Dipua  jEgyptius), 

(ff,)  Family  Myoxidce. — ^The  Dormice  represent  this 
group,  the  proper  position  of  these  forms  being  still  a 
matter  of  discussion.     By  some  authorities  they  are 
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included  in  the  InaecUvora;  but^  on  the  whole,  thej 
may  perhaps  be  more  properly  regarded  aa  Bodents. 
The  Common  Dormouse  {Myoxus  aveRanaritis)  exem- 
plifies the  family. 

(h,)   Family  ScturidcB. — The  Squirrels    possess  an 

additional  (fifth)  molar  in  the  upper  jaw  (M  ^)  ;  these 
teeth  being  of  very  simple  structure.  The  pollez  or 
thumb  of  the  fore-feet  is  nearly  opposable  to  the  other 
digits ;  a  feature  bringing  these  forms  into  relation  with 
the  Quadrumana,  The  large  and  bushy  proportions  of 
the  tail  present  a  well-known  feature  of  these  animals. 
The  Common  Squirrel  (Sciurus  vulgaris)  occurs  through- 
out Europe,  and  also  in  North  America,  which  latter 
province  may  be  considered  the  chief  area  of  the  distri- 
bution of  these  forms.  The  Flying  Squirrels  (Pteranit/s) 
of  Southern  Asia  are  specially  characterised  by  the  pre- 
sence of  a  broad  fold  of  membrane  extending  along 
the  sides  of  the  body,  and  between  the  fore  and  hind 
legs,  and  which  serves  to  assist  them  in  a  pseudo- 
aerial  progression  from  tree  to  tree ;  although  the  term 
flight  can  hardly  be  applied  to  the  power  of  motion  in 
the  air  with  which  the  membrane  endues  its  possessor. 
The  Marmots  (Arctomys)  of  northern  latitudes  are  also 
included  in  this  family. 

The  Rodentia  thus  possess  a  very  wide  distribution 
in  space,  the  island  of  Madagascar  being  the  only  pro- 
vince of  any  size  or  importance  in  which  there  are  no 
indigenous  Eodents.  Fossil  examples  of  the  order  first 
occur  in  the  Eocene  formations  of  the  Tertiaiy  period. 


CHAPTER   XXXII. 
Proyincb  C — Mammalia. 

Clasflificatioii  of  Mammalia — {Continued). 

Order  9.  Insectivora. — ^The  Insectivorous  Mammalia 
exhibit  very  intimate  relations  with  the  Eodentia,  the 
distinctive  features  of  the  present  group,  however,  con- 
sisting in  the  uniform  nature  of  the  teeth  ;  in  the  pre- 
sence of  more  than  four  incisors  in  each  jaw ;  and  in 
the  conformation  of  the  molar  teeth,  the  crowns  of 
which  are  provided  with  small  eminences  or  "  cusps," 
suited  for  crushing  the  insects  on  which  these  forms 
chiefly  subsist  The  Insectivora,  in  their  walking,  are 
either  plantigrade,  or  partly  so,  and  the  clavicles  are  now 
well  developed.  The  cerebral  hemispheres,  as  in  the 
preceding  order,  are  nearly  destitute  of  convolutions. 
The  similarity  in  form,  structure,  and  appearance  of  the 
teeth,  renders  the  determination  of  their  homologies  an 
exceedingly  difficult  matter. 

Three  families  are  included  in  this  order,  which, 
according  to  some  authorities,  also  contains  the  aberrant 
genus,  OaleopithecuSy  or  Flying  Lemurs,  and  accepting 
this  view,  these  latter  forms  may  be  held  as  constituting 
a  fourth  family,  that  of  the  OaleopithecidcB. 

The  flrst  family,  that  of  the  (a)  TdlpidoB,  or  Moles,  is 
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distinguished  by  the  shortened  body  and  pointed  mnzde ; 
by  the  rudimentaiy  nature  of  the  eyes ;  by  the  absence 
of  external  ears ;  and  by  the  strong  claws  with  which 
the  toes  are  furnished.  The  fore  limbs  in  the  present 
instance  greatly  exceed  the  posterior  members  in  size. 
The  Common  Mole  (TcUpa  Eurqpcea)  is  the  sole  British 
representative  of  the  group;  the  most  noted  of  the 
foreign  species  being  the  African  Gk)lden  Mole  {Chrydo- 
chlorus  aureus),  so  named  from  the  iridescent  hues  and 
lustre  of  its  fur. 

In  the  (b)  Soriddcs  or  Shiew-Mice,  forming  the  second 
fEUuily,  the  eyes  and  ears  are  perfectly  developed.  The 
Common  Shrew  {Sorex  araneus),  and  the  Water  Shrew 
(S,  fodtem),  both  inhabit  Britain.  The  Shrews  include 
the  smallest  of  Mammalian  forms,  and  possessa  very  wide 
distribution.   The  canine  teeth  are  absent  in  this  group. 

The  (c)  ErinaceidcB  or  Hedgehogs  exceed  other  Insect- 
ivora  in  size,  and  are  distinguished  by  the  spiny  aspect 
of  the  dorsal  body-covering,  which  consists  of  spiny 
hairs ;  the  ventral  surface  being  covered  with  ordinaiy 
hairs.  The  animal  possesses  the  power  of  rolling  its  body 
upon  itself,  so  as  to  form  a  ball,  and  thus  presents  a 
bristling  array  of  spines  as  a  defensive  front.  This 
process  is  effected  by  means  of  a  spedaUy  developed 
cutaneous  or  skin  muscle,  the  chief  fibres  of  which 
are  collectively  known  as  the  ''orbicularis  panniculL** 
The  dental  formula  is : — 


I  g   C  to   PM  ^   M  g  =  36. 
The  Common  Hedgehog  (Erinaeeua  EuropcBus)  is  the 
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only  British  Bpecies,  bnt  the  family  appears  to  be  le- 
piesented  in  Asia  and  A^ca  also. 

The  (i)  GcdeopiihectdcBf  or  Flying  Lemurs,  found  in- 
habiting the  Indian  Archipelago,  are,  according  to  the 
most  trustworthy  sources,  regarded  as  "  aberrant  In- 
sectivorous  forms."  The  chief  points  of  abnormal 
structure  in  these  animals  consist,  firstly,  in  the  pre- 
sence of  a  ''  patagium"  or  ''  flying-membrane,"  some- 
what analogous  to  that  observed  in  the  case  of  the  Fly- 
ing Squirrels,  and  in  the  succeeding  and  higher  order 
also.  The  limbs  are  elongated,  and  are  connected  to- 
gether, and  to  the  neck,  trunk,  and  tail,  by  the  pata- 
gium;  this  membrane  also  uniting  the  digits  of  the. 
posterior  limbs.  The  patagium  of  the  Oaleopith^eidce 
differs  from  that  of  the  Bats  in  being  covered  on  both 
sides  with  hair.  The  possession  of  this  membrane 
enables  the  creature  to  effect  flying  leaps  from  tree  to 
tree,  as  in  the  case  of  analogous  forms.  The  dentition 
is  somewhat  peculiar,  the  outermost  incisor  teeth  of  the 
upper  jaw  being  provided  with  double  roots,  "  a  pecu- 
liarity which,"  to  use  Huxley's  expression,  ''is  not  known 
to  occur  elsewhere."    The  dental  formula  is  : — 

I  Id  0  fci    PM  g    M  g  =  34. 

These  forms,  by  some  authorities  included  in  the 
QtJtodrumanay  are  distinguished  from  the  members  of 
that  group  principally  by  the  fact  that  the  thumbs 
(pollex)  and  great  toes  (hallux)  are  inopposable  to,  or 
cannot  be  brought  in  contact  with,  the  tips  of  the  other 


digits,  80  aa  to  conetitiite  the  chief  distinctive  and  e 
tial  feature  of  a  "  hand." 


OrderlO.  Chbikoftbba. — This  group  has  been  shortly 
defined  as  "an  order  of  Mammifeioiis  Quadrupeds, 
consisting  of  such  as  have  a  geneially  Insectivoroos 


Fig.  UT. 
Bkdeton  of  Bulldog  Bat  (Ifocf  Ula  naillnti ;  Ectudoi. 

«,  pelila  ;  d,  nupnla ;  e,  bnmerni ;  /.  ndlui,  to  ■hlcb  th«  radtmsii- 
■17  ulu  li  utieulatsd  1  g,  cup™ :  >>.  tlxunb  digit  -.l,t,l.  clongitid 
mBtacaipui  uid  phklangcB  ;  m»  fenrnr  ;  n,  tibia,  with  mdlmentuj 
Dbuli ;  0,  0,  o,  patAglum,  npreaanted  la  oattliH. 

type  of  dentition,  with  th«  extramities  connected 
together  by  an  alifonn  or  wing-like  ezpandoD  of 
the  integuments,  for  the  purpose  of  flight."     The 
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special  features  of  this  group  are  therefore  readily 
recognisable,  and  are  found  in  those  modifications  of 
structure  which  enable  the  creature  to  exchange  a 
terrestrial  for  an  aerial  life.  The  osteology  of  the 
anterior  members,  and  the  disposition  of  the  "  pata- 
gium/'  accordingly  form  the  chief  points  to  which 
attention  may  be  directed. 

The  sternum  or  breastbone  (Fig.  147)  is  specially 
developed;  its  upper  portion — "manubrium" — being 
especially  large,  and  extended  to  form  a  support  and 
poiJit  dCappui  for  the  clavicles.  The  anterior  extremi* 
ties  attract  attention  by  their  great  relative  length,  the 
humerus  (Fig.  147,  c)  and  forearm  (/)  being  elon- 
gated ;  the  ulna  being  imperfectly  developed,  and  the 
radius  chiefly  supporting  the  wrist.  The  arm  thus 
possesses  little  or  no  power  of  rotation,  a  description 
of  movement  totally  useless  and  inconvenient  in  the 
exercise  of  the  power  of  flight.  In  the  metacarpus  and 
phalanges  (Z,  T)  the  acme  of  development  is  reached. 
The  bones  of  the  fingers  are  greatly  elongated,  the 
thumb  (fi\  however,  being  much  shorter  than  the  other 
digits.  The  third,  fourth,  and  fifth  fingers  are  desti- 
tute of  nails ;  the  second  is  occasionally  unprovided 
with  these  appendages,  but  the  nails  of  the  thumbs  are 
specially  developed  to  form  claw-like  processes,  by 
means  of  which  these  animals  suspend  themselves  from 
fixed  objects.  The  nail-less  fingers  are  composed  of  two 
phalanges  oidy. 

The  posterior  limbs  (m,  n)  are  proportionable  in  size, 
and  do  not  exhibit  any  peculiarities  worthy  of  special 
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notioe,  save  that  the  fibula,  like  its  prototype  of  the 
upper  limb,  is  of  rudimentaiy  constniction.  The  digits 
of  the  feet  are  all  provided  with  nails ;  the  nail  of  the 
hallux  being  similar  in  conformation  to  that  of  the 
other  toes. 

The  "  patagium  "  or  "  flying-membrane  "  (Fig.  147, 
0  o)  is  of  leathery  consistence,  and  almost  entirely  desti- 
tute of  hairs.  It  extends  along  the  sides  of  the  body, 
thus  uniting  the  fore  and  hind  limbs,  and  also  connects 
the  elongated  digits  of  the  fore  limb ;  whilst  it  may  also 
be  stretched  between  the  hind  limbs  and  tail — ^the  latter 
member  varying  in  development  throughout  the  order. 

The  body  is  generally  covered  with  a  short  fur.  The 
external  ears  are  well  developed,  the  large  size  of  these 
organs  giving  to  certain  species  of  Bats  the  familiar  and 
peculiar  appearance  of  these  forms.  The  sense  of  touch  is 
in  all  probability  subserved  by  the  "  patagium,"  together 
with  certain  leaf-like  appendages  of  the  ears  and  nose. 
The  sense  of  sight  in  all  the  Bats  is  exceedingly  acute. 

The  Cheiroptera  are  for  the  most  part  nocturnal  in 
their  habits,  and  the  migority  of  species  would  appear 
to  hybemate  during  the  winter  months  and  colder 
seasons  of  the  year. 

The  Cheiroptera  are  divided  into  two  sections,  dis> 
tinguished  by  the  nature  of  the  food.  In  the  first  of 
these  sections,  that  of  the  Frugivora  or  Fruit-eating 
Bats,  a  single  family,  the  Ptercpidce  or  Fox-Bats,  is 
included.  The  fEuniliar  name  of  these  creatures  is 
derived  from  the  resemblance  of  the  head  to  that  of  a 
dog  or  fox.    The  jaws  are  more  elongated  than  in  other 
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Bats,  and  canisQ  and  inciBor  teeth  are  present  in  both 
jawa.  The  second  digit  of  the  hand  bean  a  distinct 
nail ;  and  the  tail  is  of  moderate  or  rudimentary 
dimensions.  The  noee  is  destitute  of  foliaceous 
appendages  ;  the  external  ears  being  of  the  ordinary 
size  and  form.  The  iYera^'t^eo  are  distributed  very  gener- 
ally over  the  warmer  and  tropical  regions  of  the  world ; 
the  §pecies  selected  for  illustration  being  the  Kalong 
or  Javan  Fox-Bat  (Pteropua  edulit),  {Fig.  U8,  B). 


A.  H(*d  of  Ttmpln  Bit  (PkipUiKlma  tpmlrmi). 

B,  Bc*d  or  Ksloiig  01  Fox-Bat  [Ftenr"  tdvlU). 

The  Imeetivora,  or  Insect-eating 'Bate,  forming  the 
remaining  section  of  the  order,  comprise  three  ^niiliee, 
of  which  the  (a)  Veapertiiumid<e  include  the  most 
fiuniliar  British  forms.  The  Common  Bat  or  Pipis- 
trelle  (Ve«pertilU>  pipistrella),  and  the  Long-eared 
Bat  {FieeoUis  aurittu),  exemplify  this  iamily,  in 
which  the  molar  teeth  are  furnished,  like  those  of  the 
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trae  Insectivorous  Mammals,  with  cusps  or  piominencesy 
suited  for  cmsbing  their  insect-piej.  The  tail  is  weU 
developed,  and  generally  united  by  an  ''  inter-femoral" 
membrane  with  the  hinder  limbs.  The  ears  are  large, 
and  occasionally  furnished  with  leaf-like  folds,  but  the 
nose  is  destitute  of  foliaceous  appendages. 

The  {b)  BhinolophidoBf  forming  the  second  family, 
are  distinguished  by  the  possession,  in  addition  to  the 
characters  of  the  VespertilumidcB  above  mentioned,  of 
leaf-like  appendages  attached  to  the  nose.  These  forms 
are  sometimes  known  as  *'  Horse-shoe  Bats,"  deriving 
their  familiar  appellation  from  the  conformation  of  the 
nasal  appendages  referred  to  above.  These  Bats  are  typi- 
cally found  in  tropical  climates,  but  two  spedes  appear 
to  inhabit  Britain ;  these  being  the  Greater  Horse^oe 
Bat  (Rhinolcphus  ferrum'-equinum),  and  Lesser  Horse- 
shoe Bat  (R.  htjjposideros). 

The  third  and  last  family,  that  of  the  (c)  PhyUo- 
stomidoBf  includes  the  most  noted  of  these  forms,  the  so- 
called  Vampire  Bats  (Fig.  148,  A).  The  canine  teeth 
are  of  large  size.  Nasal  appendages  are  present,  and 
the  ears,  which  are  of  comparatively  moderate  size,  are 
also  provided  with  membranous  appendages.  The  tail 
in  some  cases  is  rudimentary,  but  in  otheis  is  well 
developed.  The  Yampire  Bat  {PhyUogtoma  spedrum) 
(Fig.  148,  A)  is  the  typical  representative  of  the  group, 
and  has  attained  a  somewhat  evil  reputation  from  its 
alleged  habit  of  attacking  sleeping  traveUers  and  suck- 
ing their  blood.  Although  these  Bats  are  known  to 
attack  horses  and  cattle,  it  is  but  rarely  that  man  is 
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assailed.  The  effect  of  the  bite  is  merely  to  weaken 
the  system  from  loss  of  blood ;  no  poisonous  effects 
being  known  to  accrue  from  the  attack  of  these  crea- 
tures. A  large  saccular  appendage  is  found  in  certain 
members  of  the  group,  attached  to  the  anterior  portion 
of  the  stomach,  and  into  this  pouch-like  structure  the 
blood  sucked  by  those  animals  is  supposed  to  pass  and 
accumulate.  This  structure  calls  at  once  to  mind  the 
analogous  disposition  of  parts  in  the  leech. 


CHAPTER  XXXIII. 
PBOvmcB  G — ^Mammalia. 

Classification  of  Mammalia — (CafUinued). 

Order  11.  Quadbumana.— The  term  Quadrumana^ 
applied  to  this  order,  indicates  a  distinctive  and  cha- 
racteristic feature  of  the  forms  comprised  within  its 
limits.  This  feature  consists  in  the  power  of  opposing 
the  pollex,  thumb,  or  outermost  digit  of  the  hand, 
and  hallux,  great  toe,  or  outermost  digit  of  the  foot, 
to  the  other  digits  of  the  hand  and  foot,  thus  convert- 
ing the  limbs  into  prehensile  organs,  and  constituting 
the  animal  truly  " quadrumanous,"  or  ''four-handed" 
The  Monkeys,  Apes,  and  Lemurs  represent  this  order, 
the  members  of  which  exhibit  in  their  organisation  a 
graduated  series  of  forms,  allied,  on  the  one  hand,  to  the 
preceding  orders,  and  approaching  nearly,  on  the  other 
hand,  to  the  peculiar  characteristics  which  distinguish 
the  highest  of  animals — Man  himself. 

The  peculiar  and  diagnostic  features  of  the  group  are 
found  in  the  dentition,  in  the  conformation  of  the  skull, 
and  in  the  disposition  of  the  limbs.  The  teeth  exist 
generally  in  very  perfect  array,  the  incisors  in  no  case 
numbering  more  than  four  in  each  jaw,  whilst  molars 
are  invariably  present,  and  canines  in  every  case  save 
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one.  The  teeth  are  further  interrupted  by  a  "  diastema" 
or  interval,  a  continuous  series  of  teeth  being  found 
only  in  Man.  The  facial  elements  of  the  skull,  in  the 
generality  of  cases,  preponderate  over  the  cranial  por- 
tion, the  bones  of  the  face  in  most  instances  being  pro- 
longed into  a  prominent  muzzle.  Whilst  in  the  most 
typical  forms  both  fore  and  hind  feet  are  provided  with 
opposable  "thumbs,"  many  species  are  provided  with 
these  opposable  digits  on  the  hinder  feet  only  ;  the  in- 
dividual cases  in  which  this  peculiarity  occurs  being 
noticed  under  the  classification  of  the  group.  The  tail 
varies  in  its  development,  being  found  in  some  species 
of  considerable  length ;  whilst  in  others,  and  particularly 
in  the  higher  Apes,  it  is  of  very  rudimentary  and  abor- 
tive structure. 

The  remaining  general  characters  which  may  be  con- 
sidered worthy  of  notice  are  found  in  the  invariable 
presence  of  clavicles,  and  in  the  number  of  developed 
mammary  glands,  which  generally  exist  to  the  number 
of  two,  these  being  pectoral  or  thoracic  in  position. 

The  classification  of  the  Quadrumana  is,  as  might  be 
expected,  a  matter  concerning  which  much  difference  of 
opinion  exists — the  number  of  forms  included  within 
its  limits,  the  close  resemblances  presented  by  these 
forms,  the  continual  addition  of  new  species,  and  above 
all,  the  intimate  relations  of  this  group  with  the  suc- 
ceeding order,  tending  to  render  the  clear  terminology 
and  arrangement  of  the  Quadrumana  a  most  difficult, 
and,  in  many  cases,  an  unsatisfactory  proceeding.  Thus, 
by  some  authors,  we  have  the  Quadi^mana  and  Bimana 
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indaded  in  a  common  order,  to  which  the  term  Primatei: 
is  given ;  this  order  being  divisible  into  the  three  sab- 
orders  of  AiUhTopid<x  (Man) ;  Simiadle  (Apea) ;  and 
Lemuridte  (Lemnre).     A-  modification  of  this  Byetem 


a,  Slrtpiirklna ;  Head  of  A;F-Aye  of  HidaguKU  (CIteim 

mHiX   b,P(alvr«{iu:HadorW1illa-ii«:liedllu1ii<>Mt(>«(dMiM<Bl«') 
c,  Vmarliina ;  HtKd  of  But  iDdlu  Bed  Monica;  (Jfooieu  n^/raenuX 

stibdivides  the  Primates  into  the  Lemuraidea,  including 
the  Apes  and  Lemuis,  and  the  Antkropoidea,  including 
Man.     The  intimate  taxonomy  of  the  order  itself,  and 
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apart  from  its  relations  with  the  succeediDg  group,  has 
also  been  subjected  to  much  yaiiation,  but  ordinarily 
the  QsimdrumaTWL  are  divided  into  two  groups — the 
ProsimuBj  or  Pseudo-Apes,  including  the  Lemurs  : 
and  the  Simice,  or  True  Apes,  represented  by  the  ordi- 
nary Quadrumanous  forms.  Accoidb^  to  Owen  the 
order  is  divided  into  three  sections,  distinguiBhed  by 
the  structural  peculiarities,  and  also  in  great  measure 
by  the  geographical  distribution  of  the  included  forms. 
Each  of  these  three  groups,  therefore,  merits  some  dis- 
tinction and  description. 

Section  A.  Strepsirhina  ;  {Prosimice), — ^As  implied 
by  the  term  Strepdrhinay  the  nostrOs  of  the  forms 
included  in  this  division  are  curved  or  twisted  (Fig. 
149,  a).  The  fore  and  hind  feet  are  provided  with  five 
toes  each,  the  second  digits  of  the  hinder  feet  being 
provided  with  claw-like  nails.  The  fourth  digit, 
especially  of  the  hinder  feet,  is  generally  elongated. 
The  distributional  area  of  this  section  is  found  in  the 
Eastern  Coast  of  Africa,  chiefly  in  Madagascar;  but 
also  in  the  Indian  Archipelago. 

Three  families  represent  this  section.  The  (a.) 
Lemuridce  or  Lemurs  are  distinguished  by  the  elongated 
nose  and  jaws,  the  term  "  Eox-nosed  Monkeys  "  being 
sometimes  applied  to  them  on  this  account  The  fore 
limbs  are  shorter  than  the  posterior  members,  the 
thumbs  of  both  fore  and  hind  feet  being  opposable. 
The  second  digit  of  the  foot  bears  a  claw-like  nail,  and 
the  fourth  digit  is  of  great  relative  length,  as  compared 
with  the  other  toes.     The  tail  is  long,  but  never  pre- 
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hensile.     The  dentition  is  indicative  of  an  insectivorons 
diet,  and  tlie  dental  fonnula  is  : — 

I  2z:2    C   J=-J     PM  +  M  Ifl  or   ^ 

2 — 2  1—1  5—5  6 — 6 

The  Lemurs  are  confined  in  their  distribation  to  the 
island  of  Madagascar. 

(5.)  Eaniilj  Nydicebidce.  The  Lories  and  Pottos  of 
Java,  Ceylon,  and  the  Eastern  Asia^  represent  this 
family,  which  is  distinguished  chiefly  by  the  small  sixe 
of  the  ears  and  tail.  They  appear  to  be  nocturnal  in 
their  habits,  and  are  closely  allied  to  the  True  Lemurs 
in  structure  and  appearance. 

(c.)  Family  Cheiromydm.  The  "  Aye- Aye,"  or  Cheir- 
omya  of  Madagascar  (Fig.  149,  a) — so  named  ftom  its 
peculiar  cry — ^is  the  sole  representative  of  this  group. 
The  thumbs  of  the  fore  feet  are  not  wholly  opposable, 
the  nail  of  the  pollex  being  claw-like,  and  thus 
resembling  the  conformation  of  these  structures  in 
the  other  digits.  The  third  digit  of  the  hand  is  greatly 
elongated  ;  the  haUux  of  the  hinder  feet  being  perfectly 
opposable  to  the  other  digits.  The  tail  is  long,  and  of 
bushy  conformation  ;  the  ears  being  of  large  size.  The 
dentition  indicates  an  affinity  to  the  Rodentia ;  canine 
teeth  being  wanting,  and  the  incisors  growing  from  per- 
sistent pulps,  and  being  provided  with  an  anterior  layer 
of  enamel    The  dental  formula  would  appear  to  be  : — 

I  ln^    C   ^   PM  +  M  t=^* 

The  Simice  or  True  Apes  include  the  two  remaining 
sections. 
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Section  B.  Platyrhina, — ^The  Platyrhine  or  New 
World  Monkeys  are  characterised  by  the  breadth 
of  the  nose,  the  nostrils  being  placed  isa  apart  and 
widely  separated  (Fig.  149,  6);  by  the  possession  of 
opposable  thumbs  on  the  hind  feet  only ;  and,  lastly, 
by  the  presence  in  the  majority  of  instances  of  an  elon- 
gated prehensile  tail  Cheek-pouches  and  "  natal ''  or 
''ischial"  callosities  are  wanting  throughout  this 
group.  In  their  distribution  the  Platyrhina  are  con- 
fined to  South  America.  Two  famiUes  are  included  in 
this  section.  The  (a)  Hapalidce  or  Marmosets  (Fig. 
149,  b),  inhabiting  Brazil,  are  distinguished  by  their 
small  size,  and  by  the  non-prehensile  tail,  which  is  large 
and  bushy,  the  body  being  covered  with  a  woolly  fur. 
The  Marmosets  are  plantigrade,  and  never  assume  the 
erect  posture,  their  progression  being  "  habitually  quad- 
rupedal."    The  dental  formula  is  : — 

&:    C  L:-;    PM  ^   M  h^^  =  32. 

The  (b)  Ccbid(B,  forming  the  remaining  family,  are 
represented  by  the  Spider  Monkeys  (Ateles) ;  Capuchin 
Monkeys  (Cebus) ;  and  by  the  t Howling  Monkeys 
(Mycetes),  of  Tropical  America.  These  forms  occasion- 
ally assume  the  erect  posture,  their  distinctive  feature 
being  the  possession  of  prehensile  tails,  which  serve  as 
material  aids  to  these  forms  in  the  eminently  arboreal 
life  they  lead  in  the  tropical  forests  of  Brazil.  The 
dental  formula  is  : — 

I  ^«  C  lEl  PM  S  M  t|  =  36. 
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Section  C.  Catarhina. — ^The  Catarhine  or  Old  World 
Monkeys  are  distinguished  by  the  obliqne  position  and 
close  approximation  of  the  nostrils  (Fig.  149,  e) ;  by  the 
presence  of  cheek-poaches,  and  also  of  hard  callosities 
on  the  nates,  or  protnberances  of  the  "  ischial''  (pelvic) 
bones ;  by  the  opposable  nature  of  the  thumbs  of  both 
fore  and  hind  feet;  and  by  the  non-prehensile  and 
often  rudimentary  nature  of  the  taiL  The  dental  for- 
mula resembles  that  of  Man,  but  the  teeth  are  not 
arranged  in  a  continuous  series ;  an  interval  or  "  dia- 
stema" breaking  the  continuity  of  the  dental  margin. 
The  incisors  are  generally  largely  developed,  whilst  the 
canines  usually  protrude  beyond  the  jaw.  In  geo- 
graphical distribution  they  are,  with  one  exception, 
confined  to  Asia  and  Africa ; — ^the  Macaques  having  a 
representative  species,  residing  on  the  Eock  of  Gibraltar. 

The  section  is  divided  into  two  groups,  in  the  first  of 
which,  that  of  the  {A.)  Cynomorpha,  distinguished  by  the 
presence  of  natal  callosities  and  of  cheek-pouches,  and 
by  the  comparative  length  of  the  tail,  two  families  are 
included.  The  (a)  SemnopitJieci,  represented  by  the 
Senmqpithecus  enteUtte,  or  Sacred  monkey  of  India,  form 
the  first  of  these  families,  and  are  distinguished  chiefly 
by  the  elongated  tail,  in  addition  to  the  presence  ot 
cheek-pouches  and  callosities.  In  the  genus  Coiobus, 
included  in  this  family,  the  **  pollex  *'  or  thumb  of  the 
fore  feet  is  rudimentary  or  wanting.  The  Macaques 
{Macacus),  (Fig.  149,  c)  also  exemplify  the  present 
group.  In  the  (b)  Cynocephali  the  Baboons  of  AMca 
are  included.     The  tail  in  these  forms  is  short  or  rudi- 
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mcntary ;  the  natal  callosities  being  large,  and  usually 
of  a  bright  colour.  The  Mandrill  {Papio  Maimon), 
also  represents  this  group,  and  is  distinguished  by  the 
bright  blue  colour  of  the  cheek-ridges. 

The  remaining  section  of  the  Catarhina — ^that  of  the 
(B.)  AnthropomorpJia,  or  Man-like  Apes  —  includes 
those  forms  which  most  nearly  approach  the  human 
type  of  structure.  The  tail  is  rudimentary ;  cheek- 
pouches  are  wanting,  and  natal  callosities  are  not  in- 
variably present.  The  fore  limbs  exceed  the  posterior 
limbs  in  length ;  a  semi-erect  posture  being  occasion- 
ally assumed  by  these  forms,  which  are  essentially 
arboreal  in  their  habits.  The  thumbs  of  both  fore 
and  hind  feet  are  opposable  to  the  other  digits. 

Three  genera  are  included  in  this  order.  The  (a) 
Gibbons  (Hylohates)  exemplify  the  first  of  these ;  they 
possess  natal  callosities,  and  the  arms  are  greatly  elon- 
gated. The  Siamang  of  Sumatra  [Hylohaiea  syndac- 
tylus)  also  exemplifies  this  genus.  The  {b)  Orang 
{Pithecus\  confined  in  its  distribution  to  the  Eastern 
Archipelago,  represents  the  second  genus  j  this  form 
possesses  no  cheek-pouches,  and  ischial  callosities  are 
also  wanting.  The  third  and  concluding  genus  (c)  Trog- 
lodytes, includes  the  Chimpanzees  and  Gorillas ;  both 
of  these  forms  inhabiting  the  central  portion  of  Western 
AMca.  In  the  Chimpanzee  {Troglodytes  niger)  the  arms 
are  relatively  shorter  than  in  the  other  genera.  The 
Gorilla  (T.  Oonlla),  (Fig.  150,  B)  is  one  of  the  largest 
of  the  QuadrumanOf  attaining  a  height  of  from  four  to 
nearly  six  feet.    The  existence  of  the  Grorilla  has  only 
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been  ascertained  of  late  years,  the  labours  of  Mons.  Paul 
de  Chaillu  having  been  mainly  instrumental  in  adding 
to  our  knowledge  of  this  form,  which  most  nearly,  of  all 
the  Apes,  approaches  to  the  human  type  of  structure. 
The  Gorilla,  to  use  Huxley's  words,  most  nearly  ap- 
proaches man  ''in  the  proportions  of  the  leg  to  the 
body,  and  of  the  foot  to  the  hand  ;  further,  in  the  size 
of  the  heel,  the  curvature  of  the  spine,  the  form  of  the 
pelvis,  and  the  absolute  capacity  of  the  cranium.*'  It 
is,  however,  curious  to  observe,  that  in  the  annals  of 
Hanno,  the  Carthaginian  voyager,  dating  from  or  about 
the  year  570  b.g.,  a  species  of  gigantic  ape,  inhabiting 
Western  Africa,  is  described  under  the  name  of  Gorilla. 

Order  12.  Bimana. — Tlie  order  Bimana,  conclud- 
ing at  once  the  class  Mammalia  and  the  consideration 
of  the  Animal  Series,  is  represented  solely  by  Man 
(Homo),  As  distinguished  from  lower  forms,  and  par- 
ticularly from  the  Anthropoid  Apes,  Man's  special 
characteristics  may  be  conveniently  considered  under 
the  two  heads  of  his  morphological  and  structural 
features,  and  his  psychological  characteristics. 

Thus,  regarding  the  general  conformation  of  the 
body,  we  find  the  erect  posture  truly  peculiar  to  Man  ; 
the  structure  of  the  plantigrade  foot^  and  muscular 
arrangement  of  the  limbs  and  trunk,  exhibiting  an 
adaptation  to  this  posture.  The  arms  are,  further, 
shorter  than  the  legs  ;  the  former  members  not  assist- 
ing progression  in  any  way.  The  thumb,  or  "  pollex," 
is  perfectly  opposable  to  the  other  digits  of  the  hand ; 
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but  the  "  hallux,"  or  great  toe,  is  inopposable,  the  feet 
being  thus  totally  unfitted  for  prebeneUe  purposes. 

The  body-covering  in  Man  does  not  exbibit  the 
same  perfection  of  development  that  is  witnessed 
in  most  other  MammaJs ;  the  body  being  sparingly 
covered  with  hair.  The  teeth  exbibit  a  characteristic 
arrangement,  in  that  they  form  in  both  jaws  a  continu- 
ous series,  uninterrupted  by  a  "  diastema"  or  interval 
(Fig.  129,  C).  The  dental  formula  has  already  been 
given. 

The  relative  size  and  superior  organisation  of 
the  brain  form  the  only  remaining  points  of  interest 
which  may  be  noticed  in  the  present   instance.     Thus 


Ftg.  150.    QUADSUMAKJ   AND  BlHARA. 

A,  Slnill  of  Adult  EampuD. 

H,  Bliull  or  GoritU  (rrofflAlirlH  OorWa). 

the  cerebral  hemispheres  are  more  largely  developed  as 
compared  with  the  cerebellum  ;  both  portions  of  the 
bnun,  however,  bearing  marks  of  increased  specialiaa- 
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tion  to  that  observed  in  other  Mammals.  The  con- 
Yolations  of  the  brain,  so  faintly  marked  in  the  Inyata- 
centalia,  and  even  in  some  of  the  higher  If amfnoZio,  are 
now  seen  to  be  distinctly  developed,  and  to  exhibit  a 
characteristic  complexity  and  intricacy  of  structure.  In 
accordance  with,  and  in  relation  to,  this  development 
of  the  chief  nervous  centres,  we  find  the  cranial  portion 
of  the  skull  predominating  in  size  over  the  facial 
elements  (Fig.  150,  A) ;  this  feature  forming  a  contrast  to 
the  similar  conformation  in  the  skulls  of  the  lower 
Mammalia  generally,  or  even  in  the  skulls  of  the  higher 
Apes  (Fig.  150,  B). 

Turning  from  these  structural  characteristics,  we 
are  prepared  to  find  the  psychological  differences 
between  Man  and  the  lower  animals  equally  and  as 
distinctly  marked. 

Amongst  these  superior  and  characteristic  mental 
endowments  may  be  enumerated  the  faculty  of  language 
and  power  of  articulating  sounds ;  whilst  the  moral 
sense  of  right  and  wrong,  with  the  other  and  concomitant 
attributes  of  reason  and  intellect,  separates  Man  by  a 
wide  gulf  from  all  other  living  forms,  and  preserves  his 
individuality  for  ever  certain  and  distinct. 

The  palffiontological  relations  of  Man  have  formed 
subject-matter  for  much  investigation  and  discussion. 
The  chief  evidences  of  Man's  first  appearance  in  Western 
Europe  at  least,  consist  in  the  rude  implements  of  stone 
and  flint  used  by  the  primitive  inhabitants  of  that  con- 
tinent^ and  which  are  found  in  the  deposits  of  the  Post- 
Tertiary  or  Quaternary  system.    These  sculptured  flints, 
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affording  certain  and  positive  evidence  of  Man's  pre- 
sence, have,  in  the  earlier  deposits  of  the  system,  been 
found  associated  with  the  remains  of  various  extinct 
Mammalia,  chief  among  which  may  be  mentioned  the 
Cave  Bears  and  Hyaenas,  and  also  the  Mammoth,  with 
which  man,  in  all  probability,  was  thus  an  early  con- 
temporary. 

Classification  of  Vbrtebrata. 


Class  I. 
Pisces. 


Class  II. 
Amphibia. 


aass  III. 
Keptilia. 


aass  IV. 
Ayes. 


Sfb-Kingdom  Vektebrata. 

''Older  1.  Pharyngobranchii.    Ex.  Amphiozuf:. 

Order  2.  Marsipobranckii,    Ex.  Petromyzon. 

Order  8.  Elaamobranchii,    Ex.  Carcharias. 

Order  4.  Oanoidei,    Ex.  Polypterus. 

Order  5.  TeUostei.     Ex.  Salmo. 
^  Order  6.  Dipnoi.     Ex.  Lepidosiren. 

Order  1.  Ophiamorpha.     Ex.  Csecilia. 

Order  2.  Urodela,     Ex.  Triton. 

Order  3.  Anoura.     Ex.  Rana. 
^  Order  4.  Ldbyrinthodontiot.    Ex.  Labyrinthodon. 

)  Order  1.  Chelonia,     Ex.  Testudo. 
Order  2.  Ophidia.     Ex.  Boa. 
Order  3.  Lacertilia.     Ex.  Lacerta. 
Order  4.  Oroeodilia.     Ex.  Crocodilos. 
r  Order  1.  Natatores.     Ex.  Anas. 
Order  2.  ChuUatores.     Ex.  Ardea. 
Order  3.  CurBores.     Ex.  Struthio. 
Order  4.  Rasores,     Ex.  Gallos. 
Order  5.  Scansores.     Ex.  Psittacus. 
Order  6.  Insessorea : 

/'Sub-order  (a).   Dentirostres,     Ex. 

Turdus. 
Sub-order   (6).    Conirostres,      Ex. 

Corvns. 
Sub-order  (c).    Tenuirostres,     Ex. 

Trochilus. 
Sub-order  (d).    Fissirostres,      Ex. 

Hinmdo. 
Order  7.  Eaptores,     Ex.  Falco. 
^  Order  8.  Sawntne,    Ex.  Archaeopteryx. 
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SuVdus  i  A),      j  OniilboriiTTiAmaL 

i   Ijf  PLiCEXTAUA.   '  Older  2.  Jiampia2ia    \Didfi- 

fJkiav.    Ex.  Macro- 


M.<LMXALIA. 


I 


pas. 


Placextalia    - 

(JfonodUlj/fi  ia ). 


•'  Older  3l  Edentata.     Ex.  B»»- 

j  drpoft. 

(  Older  4.  Sirtmia.     Ex.  Maitt- 

j  Order  5.  Cfiacn.    Ex.  Balna. 
•  Older  6.   Ct^ptlala  : 
I  f  Sub-order  iaX.  Ar- 

Hndactyliu     Ex. 
Oris. 
Sob-Older  «M.  P^r- 
istodaetyLu    Ex. 
j      TapuT]& 
Sub-Older  ic).  Pro- 


1 


L     Elepbu. 
Older  7.  Otrmirxfra,    Ex.  Leo. 
Older  8.  Bodentia.      Ex.  Ga>-- 

tor. 
Order  9.  Intectiwra,    Ex.  Tal- 
I  p^ 

Order  10.  Cheiroptera.        Ex. 

Pteropus. 
Order  II.  QuadrMmana.     Ex. 
Simia. 
L  Order  12.  Bimana.  Ex.  Homa 


GLOSSARY. 


L,  Latin  derivatives.         G,  Oreek  derivatives. 

Abdomen.   (L.  abdOy  I  conceal.)   The  posterior  and  larger  cavity  of 

the  body  in  Mammals,  and  the  third  and  terminal  series  of  seg- 
ments in  the  body  of  the  higher  Annulosa, 
Abductob.   (L.  aby  from  ;  duco,  I  lead.)    Applied  to  those  muscles 

of  certain  Molluscs^  the  function  of  which  is  to  open  the  shell 

by  separating  the  valves. 
Aberbant.     (L.  aJberrOy  I  wander  from.)    Departing  or  deviating 

from  an  ordinary  or  regular  type. 
Abomasum.      The  fourth  sac  or  compartment  of  the  compound 

stomach  of  Ruminantia. 
Abranchiate.     (G.  o,  without ;  bragchin,  gills.)    Devoid  of  gills. 
AcALEFHfi.     (G.  akaUpke,  a  nettle.)    A  name  sometimes  applied 

to  the  Medusi/orm  Hydrozoa,  in  allusion  to  their  urticating  or 

stinging  properties. 
ACANTHOCEPHALA.     (G.    ocantho,   a  thorn ;   kephaUf  head. )     A 

group  of  parasitic  worms,  having  the  head  armed  with  spines 

or  hooks. 
ACABUS.     (G.  aJcari,  a  mite.)     A  genus  of  AmchnidanSf  repre- 
sented by  the  domestic  mite  and  other  forms. 
Acephalous.     (G.  a,  without;  kephale^  head.)     Destitute  of  a 

distinct  head. 
ACETABULA.     (L.  o/ietdbulum^  a  shallow  cup.)     A  term  applied 

to  the  suckers  with  which  the  arms  of  most  Cephalopoda  are 

provided. 
AcETABXTLUM.     The  socket  of  the  hip-joint  in  Vertebrala. 
AcRiTA^    (Q/akritos,  confused.)    A  term  used  synonymously  with 

Protozoa,. 
Actinia.      (G.  aktis,  a  ray.)     A  genus  of  Codenierate  animals,  of 

which  the  Actinia  or  Sea-anemone  is  the  tyx>e. 
ACTINOSOMA.     (G.  aktiSf  and  soma^  body.)     The  entire  body  of  an 

ActinozoSn,  whether  of  simple  or  compound  structure. 
AonNOZOA.     (G.  aktis,  and  zoon,  an  animal.)    A  class  of  Codeii 

ierate  animals  represented  by  the  Actinia  or  Sea-anemone. 
Adductob.     (L.  ad,  towards ;  duco,  I  lead.)    Applied  to  those 

muscles  in  LameUibranchiate  and  other  Molluscs,  the  function 

of  which  is  to  close  the  shell  by  approximating  the  valves. 
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Allantois.  (G.  cUlcu,  a  sausage.)  One  of  the  foetal  or  embrj- 
onic  membranes  of  the  higher  Verteibrata. 

Alternation  of  Genkrationb.  A  form  of  the  generative  process 
observed  in  Invertebrata,  in  which  the  young  do  not  resemble 
the  parent  but  the  grand-parent. 

Alula.  (L.  diminutiye  of  cUa,  a  -wing. )  A  little  wing ;  applied 
to  the  small  pinion  borne  by  the  thumb  digit  in  Birds. 

Alveolus.  (L.  alvus,  belly.)  A  hollow  cavity ;  but  more  par- 
ticularly applied  to  the  sockets  in  which  the  teeth  are  lodged. 

Ambulacra.  (L.  ambulacrum,  a  garden  walk.)  The  perforated 
spaces  in  the  shell  of  the  Echini  or  Sea-urchin.  The  tubular 
feet  of  Echinotoa, 

A  metabolic.  (G.  o,  without,  and  metabole,  change.)  Insecta  which 
do  not  undergo  any  metamorphosis,  and  which  do  not  possess 
wings  in  the  perfect  state. 

Amnion.  (G.  amnoSf  a  lamb.)  One  of  the  foetal  or  embryonic 
membranes  of  the  higher  Vertebrata. 

Amceba.  (G.  ammbty  a  change.)  A  genua  of  Rhizopoda^  so  named 
from  the  changes  of  fonn  its  body  undergoes. 

Amorphous.  (G.  a,  without,  and  morphe,  form.)  Devoid  of  regu- 
lar form. 

Amphibia.  (G.  amphiy  both ;  6u»,  life.)  Forms  suited  for  exist- 
ence on  land  and  in  water.  Applied  to  a  class  of  Vertebrates 
which  possess  gills  in  the  young  state ;  these  organs  being  in 
the  typical  members  of  the  class  co-existent  with  lungs  in  the 
adult. 

Amphic(£LOUS.  (G.  amphi,  both ;  hoUoa,  hollow.)  Applied  to 
those  vertebrse,  the  bodies  of  which  are  bi-concave  or  hollow  at 
each  end. 

Amphioxus.  (G.  amphi,  both ;  oxua,  sharp.)  The  technical 
name  of  the  Lancelet,  a  Fish,  the  sole  example  of  the  Pharyn- 
gobranchiif  the  body  of  which  tapers  at  each  extremity. 

Ampbipoda.  (G.  amphi,  and  potu,  foot)  An  order  of  Crus- 
tacea, in  which  the  feet  are  used  both  for  walking  and  swim- 
ming. 

Analogy.  (G.  analogia,  proportion.)  The  relation  between  ports 
which  agree  in  function. 

Anarthropoda.  (G.  o,  without ;  arthron,  a  joint ;  poua,  afoot.) 
One  of  the  primary  sections  of  the  Annulosa,  in  wUch  there  are 
no  jointed  locomotive  appendages. 

Ancettlosis.  (G.  anhdoi,  crooked.)  The  coalescence  or  union 
of  two  bones  by  ossification,  so  that  all  movement  between 
them  is  prevented. 

Annelida.     A  class  of  Armulosa,  represented  by  the  various  kind 
of  Worms. 

Abnulatid.     (L.  annuLut,  a  ring.)    Composed  of  rings. 
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Anhuloida.  (L.  anntUus,  a  ring,  and  G.  eido8,  form.)  A  temi 
nsed  synonymously  with  Echinozoa, 

Ankulosa.  (L.  annulus.)  A  sub-kingdom  of  animals,  compris- 
ing the  Worms,  Insects,  Spiders,  and  Crustaceans,  in  which  the 
bodies  are  composed  of  rings  or  segments. 

Anohouha.  (G.  anoTnos,  irregular;  oura,  tail.)  Agroupof2>e- 
capodaus  CrustaceanSf  represented  by  the  Hermit  Crab. 

Anoflotherixtk.  (G.  a,  without ;  oplon,  a  weapon.)  An  extinct 
genus  of  Mammals  unprovided  witii  horns. 

Anoflura.  (G.  anoplos,  unarmed ;  ourttf  taiL)  An  order  of 
Insects  represented  by  Lice. 

Anouba.  (G.  a,  without,  and  oura.)  An  order  of  Amphibia 
represented  by  the  FrogSf  in  which  the  adult  is  destitute  of  a 
tail. 

AsTBJSfSM.  (L.  aniennot  the  yard  of  a  ship.)  The  head  or 
**  cephalic  "  appendages  of  Insects  and  Crustacea,  which  are  sup- 
posed to  subserve  the  sense  of  touch. 

Antennulbs.  The  second  and  smaller  pair  of  antennte  in  Crusta- 
ceans. 

Anthropoid.  (G.  anihropos,  a  man ;  eidos,  form. )  A  term  ap- 
plied to  the  highest  Apes,  in  reference  to  their  resemblance  to 
the  human  form. 

ANTiBRACHinM.  (G.  afiHf  in  front  of;  hrachion,  the  arm.)  The 
forearm  of  higher  Vertd/raia, 

Antlia.  (L.  antlia,  a  pump.)  The  spiral  proboscis  or  trunk 
found  in  Butterflies  and  allied  forms,  by  means  of  which  they 
suck  up  the  juices  of  flowers. 

Anus.  (L.  anuSf  the  vent.)  The  vent  or  termination  of  the  ali- 
mentary or  digestive  tract. 

Aorta.  (G.  aorte,  the  wind-pipe.)  Used  in  modem  anatomy,  to 
indicatie  the  main  systemic  vessel  or  artery  which  arises  from 
the  left  ventricle  of  the  heart. 

Aphaniptera.  (G.  aphanos,  hidden  ;  pteron,  a  wing.)  An  order 
of  Insecta  in  which  the  wings  are  rudimentary ;  represented  by 
the  Fless. 

Aflacentalia.  (G.  a,  without ;  L.  jv^acento,  a  cake.)  A  group 
of  the  Mammalia  represented  by  the  Kangaroos,  in  which  no 
vascular  connection  exists  between  the  mother  and  the  young 
animal  before  birth.     (Ihflaceivtalia.) 

Afoda.  (G.  a,  without;  poda,  feet)  A  term  applied  to  those 
forms  destitute  of  locomotive  organs,  or  which  want  the  pelvic 
limbs  or  their  homologues. 

Aftera.  (G.  a,  without ;  pleron,  a  wing.)  A  section  of  Insecta, 
distinguished  by  the  absence  of  wings  in  the  perfect  insects. 

Aftertx.  (G.  o,  without ;  pterux,  a  wing.)  The  Apteryx  or 
Wingless  bird  of  New  Zealand,  classified  with  the  Cursores. 
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Akachkida.    (G.  arachntf  a  spider.)    A  Class  of  the  AnnUlata,  in- 
cluding the  Spiders,  Scorpions,  and  allied  forms. 
Arakeina.     (Ia  araneoj  a  Spider.)     An  order  of  the  class  Arach- 

nida,  represented  by  Spiders. 
ABcasoFTERTX.     (G.  orckoioSf  ancient ;  ptentx,  a  wing.)     An 

extinct  genus  of  Birds,  forming  the  sole,  example  of  the  order 

Saurwrte. 
Abchencefhala.     (G.  arehOf  I  rule  ;  egkepkalos^  brain.)     The 

fourth  and  highest  section  of  the  Mammalia^  according  to 

Owen,  which  comprises  Man  only. 
Arctisca.     (G.  arktos,  a  Bear.)     An  order  of  AraehmdOy  repre- 
sented by  the  animalcules  familiarly  known  as  '*  'Water  Bears." 
Abthrogabtba.    (G.  arihron^  a  joint ;  gaster,  belly.)   An  order  of 

ArachnicUif  with  distinctly  jointed  abdomens,  represented  by  the 

Scorpions. 
Arthbofoda.     (G.  arthron,  andpoda,  feet)     One  of  the  primary 

sections  of  the  Annulosa,  including  those  classes  which  possess 

jointed  limbs. 
Articulata.     (L.  arUculuBf  a  little  joint)    A  term  used  synony- 
mously with  Annuloaa. 
Artiodacttla.     (G.  ariios,  even ;  daktulos,  a  finger  or  toe.)     An 

order  of  Mammalia  with  the  toes  of  the  feet  in  an  even  (two  or 

four)  number. 
AfiCARis.      (G.    ashiiris,   a  mawworm.)     The  Ascaris  or  Bound 

Worm,  a  member  of  the  class  ScoUcida. 
AscmiA.     (G.  askoSf  a  bottle.)     The  technical  name  of  the  "Sea 

Squirts^"  included  in  the  class  Tunicata. 
Asexual.     A  term  applied  to  forms  of  the  reproductive  process,  in 

which  the  sexual  elements  do  not  take  part.    Exemplified  among 

the  Hydrozoa  and  MoUusca  by  the  process  of  "  gemmation " 

or  "budding." 
AsiPHONmA.     (G.  a,  without ;  siphtm^  a  tube.)    A  division  of  the 

LamellibranchiaU  MoUutcSf  which  do  not  possess  respiratoiy 

tubes  or  siphons. 
Assimilation.    The  process  by  which  living  bodies  incorporate 

matter  external  to  themselves,  and  convert  it  into  their  own 

substance — as  in  digestion  and  absorption. 
ASTEROIDEA.     (G.  tuUr,  a  star;  eielos,  form.)     An  order  of  the 

class  EckinodermatOf  including  the  Star-fishes. 
AsTOMATOUS.     (G.  a,  without ;  stoma,  a  mouth.)    A  term  applied 

to  those  Protoasoa  which  do  not  possess  a  distinct  mouth. 
ASTBAQALUS.     (G.  ostrogalos,  a  buckle  bone.)    The  bone  of  the 

tarsus  or  instep,  which  articulates  with  the  tibia. 
Atlas.    (G.  Atlas,  the  god  who  supports  the  earth.)  The  vertebra 

which  articulates  with  the  skull. 
Atoll.    The  Polynesian  name  for  the  perfect  form  of  coral  islands 
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Atriuic.  (L.  atrium,  an  entrance  halL)  The  doaeal  chamber  of 
TunieaU  AfoUusca. 

Auricle.     (L.  auriculOf  a  little  ear.)    A  cavity  of  the  heart  of  the 
*   higher  animals  generally,  the  faction  of  which  ia  to  proper 
blood  into  the  ventricle. 

AuTOPHAQi.  (6.  aiUoSf  self ;  phago,  I  eat.)  A  term  applied  to 
those  Birds  in  which  the  young  are  immediately  after  I4rth  com- 
paratively independent  of  the  parents'  care. 

AvEs.  (L.  atfis,  a  Bird.)  A  class  of  Vertebrate  animals  of  ovipa- 
rons  habits,  warm-blooded  circulation,  and  body  covered  by 
peculiar  skin-appendi^^es  termed  "  feathers." 

ATicuLARinic.  (L.  avicula,  a  little  Bird.)  A  term  applied  to 
peculiar  appendages  resembling  the  heads  of  Birds,  found  para- 
sitic on  PfAyzoa,  The  name,  *'  Biids'-head  processes  "  is  used 
synonymously  with  AvicuUiria, 

Axilla.     (L.  axiUa,)    The  arm-pit. 

Axis.  (O.  aaon,  a  pivet)  The  second  cervical  or  neck  vertebra, 
upon  which  the  skull  and  first  vertebra  or  "  atlas "  usually 
rotate. 

AzTOOfi.  (G.  a,  without ;  zugotf  a  yoke.)  An  organ  or  append- 
age which,  being  situated  in  the  middle  line,  has  no  fellow. 

Bacteriuh.      (G.    bakierion,   a  staff.)      A  minute    filamentous 

organism,  found  in  infusions  of  organic  matter  after  exposure  to 

the  atmosphere. 
Baculitb.     (L.  bacuhu,  a  stafL)    An  extinct  chambered  shell  of 

straightened  form,  belonging  to  the  CepfuUopodoue  MoUuaca. 
Balaitds.      (G.   lalanosy  an  acoin.)     A  family  of  Crustaceane, 

included  in  the  order  Cirripedia,  and  commonly  known  as 

"Acorn  shells." 
Baleen.     (L.  balasna,  a  Whale.)    The  homy  plates  depending 

from  the  palate  of  the  true  Whales,  and  popularly  known  as 

**  whalebone." 
Batides.      (G.    hatost    a  bramble.)     A    division  of   the  order 

JSlasmobranehii,  including  the  Skates  and  Bays. 
Batrachia.     (G.  hairaehoe,  a  Frog.)    A  term  used  by  Cuvier  to 

indicate  the  class  of  Vertebrates  now  known  as  Amphibia;  and 

sometimes  applied  to  the  Frogs  and  Toads,  as  forming  an  order 

of  the  Amji^ihia, 
BxLEionTB.      (G.   belemnon,    a    dart)     An   extinct    genus    of 

Cephalqpodaus  MoUusca,  allied  to  the  existing  Sepia,  and  pro- 
vided with  an  elongated  conical  internal  shell. 
BiiTD.    Cleft  in  two,  forked. 
Bilateral.    Having  two  symmetrical  or  equal  sides. 
BWANA.      (L.  &w,  two ;  manusj  a  hand.)    An  order  of  Ifam* 

maUti,  represented  solely  by  Man. 

2p 
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BlOLOOT.      (O.  5u»,  life;   logot,  t  diaeoium.)     The  aeienoe  of 

liTing  beings ;  oompreheiidiiig  the  two  dlTiaions  of  Botany 

•nd  Zoology. 
BlOFLASiL     (Q.  bio§;  piasao,  I  form   or   moold.)      Ptimonllal 

matter,  or  "  basis, "  of  life.     See  Pbotoflabil 
BiTALVi.     (L.  frit,  two ;  vahte,  folding  doors.)    A  tenn  applied 

to  a  shell  which  consiBrts  of  two  halves  or  valves. 
Blabiodkbil     (G.  bkutoif  a  spront;  and  dsnmty   skin.)     The 

superficial  akin  or  sniface  of  the  embryo  in  its  earliest  eoodi- 

tion. 
Blabioidka.     (6.  hUutm;  eidcM^  appearance).     An  extinct  oirder 

ot  BchinoderauUa, 
BOTRTLLL     (Q.  hotnu^  a  bnnch  of  grapes).    A  group  of  oom- 

pound  TumaUe  MMusct,  so  called  in  reference  to  tiieir  berry- 
like  appearance. 
BRAcmoFODA.     (6.  braehion,  the  arm  ;  poda^  feet)    A  dass  of 

MoUumoidaf  so  named  from  the  possession  of  two  dongated 

arms  sprimng  frt>m  the  sides  of  the  month. 
BfiLAOHiUM.     (G.  hraehion.)    The  upper  arm  of  Vertebratea. 
Bbaohtura.      (G.  hrachui,    short ;  oum,  tail.)      A  aeetkm  of 

Deeapodoui  OruHaeeaiu,  in  whidi  the  taQ  is  abortive  or  rudi- 
mentary.   The  various  kinds  of  Crabs  exemplify  this  group. 
Bbadtfdb.     (G.  hradus^  slow ;  poua,  foot)    A  genus  of  tlie  order 

BdenUUa,  represented  by  ^e  Sloths. 
BbaI^ohia.     (G.  broffehiOf  gills.)    A  gill  or  respiratoiy  organ  for 

breathing  the  air  contained  in  water. 
Bbavohiatb.     Possessing  branchi»  or  gills. 
BRAnomrBRA.      (G.  bragehia,  and  phero;  I  cany.)      A  group 

of  €faMteropoeUnu  IfoUusct,  in  which  the  respiration  is  caniod 

on  by  means  of  distinct  gills. 
Bbahohiofoda.     (G.  bragchiei,  and  poda,  feet)    An  order  of 

OnutacM,  in  which  the  gills  are  borne  by  the  feet 
BsKViLnioxTiA.    (L.  breviSf  short;  linffua,  a  tongue.)    A  group 

of  the  LacertiHa  or  Limrds,  in  which  the  tongue  is  short  and 

non-protrusible. 
BBBViFBimATiB.     (L.  hrevU ;  penna^    a  wing.)      A   fSunlly   of 

NaUUoriiU  Birds,  in  which  the  wings  are  small  or  rudiment- 
ary. 
Bbonohi.     (G.  hfOQchos,  the  windpipe.)    The  subdivisions  of  the 

trachea  or  windpipe  in  the  lung. 
Bbuta.     (L.  brutuB^  heavy.)    Synonymous  with  Sdeniateu 
Bbtozoa.     (G.  bnun,  moss;  eoon,  animal).     A  term  occasion- 

aUy  employed  to  designate  the  Potyaoa, 
Bttcoal.     (Ij.  bucea,  the  mouth.)    Belonging  to  the  mouth 
BTB8U8.     (G.  bustot,  fine  linen.)    The  silky  filaments  produced 

by  the  foot  of  certain  MoBubcs,  such  as  the  Oommon  MusseL 
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Caducous.  (L.  oadueus,  falling  off.)  Applied  to  parts  or  oigans 
falling  off,  or  being  shed  during  life. 

Caduoibbanchiatb.  (L.  couhteua;  O.  bragchia,  gillB.)  A  group 
of  Amphibia,  in  which  the  gills  are  shed  before  adult  life  is 
attained. 

Caoum.  (L.  oobcus,  blind.)  A  tube  terminating  in  a  blind  or 
closed  extremity.  Applied  to  the  first  portion  of  the  large 
intestine  in  Mammals, 

Calcaneuil  (L.  calx,  the  heeL)  The  bone  of  the  tarsus  forming 
the  heel. 

Calcab.  (L.  ealcar,  a  spur.)  Applied  to  the  spurs  of  Ratorial 
Birds. 

Caloabbous.     (L.  ea2x,  lime.)    Composed  of  lime. 

CaLTCophobida  (G.  kaliu,  a  cup ;  phero,  I  cany.)  An  order 
of  HydroKoa,  possessing  cup-shaped  swimming  orgaqs,  known  as 
"  nectocalyces." 

Caltx.     (L.  calyx,  a  cup.)    A  cup-shaped  disc  or  body. 

Campanttlabia.      (L.  campanula,  a  bell.)    A  genus  of  Hydraid 
Polypes. 

CANixne.  (L.  cams,  a  dog.)  Applied  to  the  eye  or  dog  teeth  of 
Mammals,  specially  developed  in  Camivora  or  flesh-eating 
animals. 

Cabapaob.  a  shield  or  covering.  Applied  to  the  dorsal  shell  of 
Crttstacea,  and  to  the  upper  shield  of  Chelonian  Reptiles. 

Cabdia.  (Lb  cardo,  the  hinge  of  a  door.)  The  upper  or  oesopha- 
geal opening  of  tiie  stomach. 

CabinaTjB.  (L.  carina,  a  keel.)  A  division  of  Birds  which 
possess  a  sternal  ridge  or  keel. 

Cabhivoba.  (L.  earo,  flesh;  voro,  I  devour.)  An  order  of 
MammaUa, 

Cabpophaoa.     (G.  harpos,  firuit ;  phago,  I  eat.)    A  group  of 
Marsupialia,  feeding  on  vegetable  matters. 

Cabpub.  (G.  karpos,  the  wrist.)  The  bones  between  the  fore- 
arm and  hand,  familiarly  known  as  the  wrist. 

Catabhuta.  (G.  kaia,  downwards  ;  rhines,  nostrils.)  A  group  of 
the  Quadrumana  or  Monkeys. 

Caudal.     (L.  eauda,  the  tail.)    Belonging  to  the  tail. 

CAYicoBiriA.  (L.  cavus,  hollow;  comv,  horn.)  A  group  of 
Rwninant  quadrupeds. 

Cell.  (L.  ceUa,  a  small  room.)  Applied  to  any  small  cavity,  but 
commonly  used  to  indicate  a  microscopical  element  of  form, 
consisting  of  a  rounded  body  composed  of  a  cell-wall,  cell-con- 
tents, and  a  contained  solid  particle,  termed  the  nucleus. 

CXKTBUM.  (G.  kentron,  the  prick  made  by  one  leg  of  a  pair  of  com- 
passes.)    The  solid  central  portion  or  body  of  a  vertebra. 

CsraALic.     (G.  kephale,  the  head.)    Belonging  to  the  head. 
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CSPHALOFHOB^.     (G.    kephoU ;  phero,   I  cany.)    A  sectioii  of 

MoUiucOf  possessing  a  diBtinct  head. 
Cbphalofoda.     (G.  kephaU;  poda,  feet.)    A  class  of  AfoUmca 

possessing  a  distinct  head  sniroimded  by  a  circle  of  arms  or 

tentacles. 
CxFHALOTHORAX.     (G.  hephole ;  ihoTox^  chest)    The  united  head 

and  thorax  of  Annuloae  animals. 
Cbboabio.     (G.  kerhos,  tail)    An  aquatic  Worm,  representing  a 

stage  in  a  development  of  the  Distomidie  or  "  Flukes.  *' 
Cervical.     (L.  cervix,  the  neck.)    Belonging  to  the  region  of  the 

neck. 
Cestoidea.     (G.  kestoi,  a  girdle.)    A  term  occasionally  employed 

to  designate  the  Tceniada  or  Tape- worms.  • 
CssTRAFHOBL    (G.  kestro,  a  weapon  ;  phero,  I  carry.)    A  group 

of  Skumobranehu,  represented  solely  by  the  Port  Jackson 

Cbtacba.     (G.  ketaSf  a  whale.)    An  order  of  Manunalia,  indud- 

ing  the  Whales. 
CHjnrooKATHA.      (G.  ehaiUf  hair ;  gncUhos,  the  jaw. )    A  group 

of  AnmUos(i,  represented  by  the  aberrant  form  SagUta, 
Chuboftera.     (G.  cheir,  the  hand  ;  pieron,  wing.)    An  order  of 

Mcanmala,  represented  by  the  Bats. 
Chbuk.     (G.  efuBUy  a  claw. )     Modified  limbs,  forming  pincer-like 

claws,  as  in  Crabs  and  their  allies. 
Chblioebjb.     (G.  chele;  heras^hxxm)    The  modified  antenns  of 

Scorpions. 
Chbloicia.     (G.  ehdone,  a  Tortoise.)    An  order  of  HqMUt,  repre- 
sented by  the  Turtles  and  Tortoises. 
Chiloonatha.     (G.    cheilos,  lip;  ffntUhoSf  jaw.)    An  order  of 

Myriapoda,  including  the  MilUpedet, 
Cbilotoda.     (G.  cheilos;  poda,  feet)    An  order  of  Mifruq>oda, 

including  Centipedes. 
Cbjumiul     (G.  dtimairOf  a  monster  like  a  Goat)    A  genus  of 

Blasmobranchii,    familiarly  known    as    the    "King  of   the 

Herrings. 
Chxtik.     (G.  chitan,  a  tunic.)    The  peculiar  chemical  principle 

allied  to  horn,  of  which  the  hard  parts  of  many  Afmulote 

animals  are  composed. 
Chloeophyll.    (G.  chloroa,  green  ;  pkutton,  a  leaf.)    The  green 

colouring  matter  of  plants. 
Chorion.     (G.  chorion,  a  skin.)    The  vascular  membrane  whicSi 

surrounds  the  embryo  of  VertAraiea, 
Chroicatophora.     (G.  chrcnut,  colour;  phero,  I  carry.)    The 

cells  containing  pigment  or  colouring  matter  found  in  the  skin 

of  Cephalopodeu 
Chrysalis.     (G.  chruaoa,  gold.)     The  pupa  of  L^pidoptenmt 

Insects. 
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CBYLA.Qtrsou8  Flitid.  A  fluid  consistiiig  of  the  chyle  or  prodact 
of  digestion,  and  water,  found  in  the  perivisceral  spaces  or  body- 
cavities  of  the  Bchinozoa  and  Annuloaa. 

Chtle.  (G.  chuloa,  juice.)  The  nutrient  fluid  or  result  of  the 
final  action  of  the  digestive  juices. 

Chyme.  (O.  diumoa,  juice.)  The  acid  fluid  resulting  from  the 
action  of  the  gastric  juice  in  the  stomach. 

Cilia.  (L.  eiliunhf  an  eyelash.)  Microscopic  filaments,  exhibit- 
ing rhythmical  movements,  found  generally  distributed  over 
various  membranes  in  the  organic  series. 

ClBBl.  (L.  drrua,  a  curL)  Filamentous  appendages,  found  very 
generally  distributed  throughout  the  Annuloaa  and  MoUusca. 

ClERiPEDiA.  (L.  eirrua;  pea,  a  foot.)  An  order  of  Cruatacea, 
possessing  feet  in  the  form  of  cirrous  filaments. 

ClBBOSTOMl.  (L.  cirrua  ;  G.  atoma,  mouth.)  A  term  applied  to 
the  PharyngdbranehiL 

Clavicle.  (L.  clamcula,  a  little  key.)  The  clavicle  or  collar- 
bone, one  of  the  bones  of  the  shoulder  girdle  in  Vertebrata, 

Cloaca.  (L.  eloacct,  a  sink.)  The  common  cavity  into  which  the 
terminal  portion  of  the  intestine,  and  the  efferent  ducts  of  the 
urinary  and  generative  organs  open,  in  some  InverUbraUa ;  in 
the  Saurqpauia  ;  and  in  certain  of  the  lower  Mammala, 

CkidjB.  (6.  knide,  a  nettle.)  The  minute  vesicles  or  ''thread 
cells,"  peculiar  to  Ooelenteriue  animals,  by  means  of  which  they 
are  enabled  to  produce  stinging  sensations. 

CoocoLiTHS.  (G.  kokkoa,  a  berry  ;  and  lUhoa,  a  stone.)  Minute 
bodies  of  spherical  shape  existing  as  free  organisms,  or  attached 
to  the  surface  of  Coceotjftherea, 

C0CCO8PHERE8.  (G.  kokkoa;  spAatm,  a  sphere.)  Minute  masses 
of  protoplasm,  usually  enclosed  in  a  cidcareous  capsule,  found 
forming,  with  other  organisms  of  a  similarly  low  (Protozoic) 
type  of  structure,  vast  fields  of  life  in  the  bed  of  the  ocean. 

CoccTZ.  (G.  kokkuXf  a  cuckoo.)  The  terminal  portion  of  the 
vertebral  column  in  Man. 

Cocoon.  (French  cocon,  a  cocoon,  from  Latin,  concha,  a  shell.) 
The  pupa  case,  investing  the  body  of  many  insects  during  the 
pupa  or  chtysalis  stage  of  their  metamorphosis. 

CcELENTEBATA.  (G.  k(Hloa,  hoUow  ;  enteron,  the  bowel.)  A  sub- 
kingdom  of  animals,  including  the  classes  ffydroxoa  and 
ActinoKoa,  The  term  is  derived  fh)m  the  feu:t  of  the  digestive 
sac  and  body  cavity  being  in  free  communication  with  each 
other. 

CaNENCHYMA.  (G.  iboinof,  common  ;  enchumaj  tissue.)  The 
common  tissue  uniting  together  the  polypes  or  zooids  of  a  com- 
pound organism.  Example — ^the  calcareous  matter  uniting  the 
various  coralliies  of  a  compound  coral. 
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C(Bir<BOiV]i.     (O.  Mnoa  ;  oAm,  houM.)    The  connectjpg  akin  or 

intflgnmant  uniting  the  "  polypides  *'  d  the  PolytocL 
CkKNoaABa     (G.  hoinM;  mrx^  flesh.)    The  connecting  medinm 

of  the  "hydnwomn,"  or  entire    orguusm,  of  a  Gomponnd 

Hffdrotodn. 
CoLEOFTERA.     (O.  holeoi,  s  sheeth ;  ptenm,  wing.)     An  oider 

of  Inteeta,  represented  by  the  BeeUee,  in  which  the  anterior 

wings  are  converted  into  "  elytra  "  or  sheaths  for  the  posterior 

pair. 
GOLUBRIMA.     (L.  coluber,  a  Snake. )    A  gronp  of  the  order  Opkidia, 
OoLUMBLLA.    (L.  cohumdla,  a  little  pillar.)    A  term  applied  firstly 

to  the  central  pillar  or  axis  around  which  the  whorls  of  a  spiral 

sh^  are  wound  (OasUropoda) ;  and  secondly,  to  the  central 
.  axis  of  the  coral  structors  in  SeUrodermie  **  GorsUites." 
Commissural.    (L.  oomMiUto,  I  solder  together.)    Applied  to  the 

nerve  fibres  which  unite  "  ganglia  "  or  nerve  masses  togiether. 
Concha.     (L.  eoneka,  a  shell. )    The  external  ear. 
CoNCHIFSRA.     (li.  eoncha  ;  faro,  I  carry.)    Shell-bearers  ;  applied 

to  those  MoUuses  which  possess  bivalve  shells  {Lamembrom- 

chiaia,) 
CoNDTLK.     (O.  konduloB,  a  knuckle.)    The  articular  surface  by 

which  two  bones  are  articulated  together ;  applied  especially  to 

the  articulsr  processes,  by  means  of  which  the  occipital  bone  of 

the  skull  articulates  with  the  spinal  column. 
CoNiROSTRSS.    {L.  eoniM,  a  cone  ;  ros^rwrn^  abeak.)    A  sub-order 

of  **  perching  "  Birds,  possessing  conical  beaks. 
CoRACOiD.      (6.  horax,  a  Crow ;  eidos,  form.)    Applied  to  the 

*'coracoid  bone,"  or  second  clavicle  of  VerUbrata,  one  of  the 

bones  entering  into  the  composition  of  the  pectoral  arch. 
CoRALLITB.    (6.  korallion,  ooraL)    The  coral  or  hard  calcareous 

structure  secreted  by  a  single  AcUiumoHn,  or  the  oorsllum 

secreted  by  a  single  zo5id  of  a  compound  polype. 
CoRALLUM.    The  hard  structure  secreted  by  the  tissues  of  sn 

AetinoKolin, 
CoRiACBOUS.      (L.   eonum,  hide.)     A  texture  of  leathery  con* 

sistence. 
Corpus  Callosux.    (L.  "  the  firm  body.")    The  great  commissure 

or  band  of  nervous  matter  uniting  the  two  hemispheres  or  halves 

of  the  true  brain  in  MammaU. 
Corpuscle.    (L.  eorpusculum,  a  particle.)    A  minute  rounded 

body  or  sphere.     Usually  applied  to  the  solid  particles  found 

in  the  blood,  **  chyle,"  and  o^er  organic  fluids. 
Cortical  Later.     (L.  cortex,  bark.)    The  second  or  inner  skin, 

of  firm  saroode,  found  in  the  It^fuaoria,  and  which  encloses  the 

inner  fluid  contents,  or  **  chyme-mass. " 
Cranium.     {Q.kranion,  the  skull.)    The  skull  or  bony  case,  in 

which  the  brain  of  Vertebrates  is  enclosed. 
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Cbabtkda.     (G.  krtupedonf  a  fringe.)    The  cord-like,  conYolated 

ttructures,  attached  to  the  faces  of  the  mefienteries  of  the 

AelifUa  or  "SeapAnemones.     They  are  richly  supplied  with 

«  cnids"  or  "  thread-oeUs,"  but  their  function  is  unknown. 
Cbbfusculail    (L.   orqmsculum,  dusk.)     A   term  applied  to 

certain  Insects,  Bats,  and  other  forms,  which  appear  at  or 

during  twilight. 
Cbinoibea.      (G.   hrinon,   a  lily ;    eidos,  form.)    An  order  of 

Behanodermatct,  including  forms  which  eiist  during  the  whole 

or  a  part  of  their  existence  as  stalked  organisms.     The  order  is 

abundantly  exemplified  by  fossil  forms,  resembling  lilies,  and 

termed  **  Encrinites,"  or  "  Stone-lilies." 
Cbocodiua.     (G.  hnhodeUaSf  a  crocodile.)    An  order  of  Rq^tiUoy 

including  the  Crocodiles. 
Cbop.     a  dilatation  of  the  oesophagus,  serving  as  a  food-receptacle, 

found  in  Insects  and  Cmstaeea,  in  some  MoUusca,  but  more 

typically  in  Birds  (Inglumet). 
Crustacea.     (L.  cnif to,  a  shell.)    A  class  of  ^wnKZoso,  including 

Lobsters  and  Crabs,  distinguished  by  the  possession  of  a  hard 

"shell"  or  "crust" 
Ctenooybt.     (G.  ktdsy  a  comb;  kustia^  a  sac  or  cyst)    A  small 

cyst  or  sac,  containing  calcareous  particles  (otoUtha),  found  in 

the  Cteno]ihoTay  and  supposed  to  subserve  the  auditory  or 

hearing  sense. 
Ctenoid.     (G.  kteia  ;  eidott,  form.)    Those  scales  in  Fishes  which 

exhibit  a  comb-like  structure  on  their  posterior  margins.    Ex. 

Perch.  « 

Ctenophoea.     (G.  hieU;  pherot  I  bear.)    An  order  of  AcUnozoa^ 

including  forms  which  swim  by  aid  of  bands  of  cilia,  arranged  in 

comb-like  plates,  termed  "  ctenophores." 
C1TB8ORB8.     (Lb  cwrroy  I  run.)    An  order  of  Birds,  in  which  the 

power  of  flight  is  modified,  and  the  legs  formed  for  terrestrial 

progression.     Ex.  Ostrich. 
Cuspidate.     (L.  cuspa^  a  point  or  cusp.)     Applied  to  teeth 

furnished  with  small  points  or  '*  cusps." 
Cuticle.    (L.  euiiculoj  diminutive  of  eiUis,  skin.)   The  outer  layer 

of  the  integument ;  otherwise  known  as  the  ''epidermis,"  or 

"  scarf-skin. "    The  outer  layer  of- the  body  in  the  Infusoria. 
Cutis.     (L.  etUis.)    The  term  applied  to  the  inner  layer,  true 

skin,  or  ''cutis  vera,"  "  oorium,"  or  "  derma,"  as  distinguished 

from  the  "  cuticle  "  or  "  epidermis." 
Ctclobranchiata.    (G.  kuklos,  a  ring  ;  bragchia,  gills.)    A  family 

of  Gfasttrapodci,  represented  by  the  limpets,  in  which  the  gills 

are  arranged  in  a  circle  round  the  body. 
Cycloid.      (G.  kuJdoa :  eidos,  form.)    Those  scales  in  Fishes, 

which  are  of  simple  rounded  form,  with  an  unindented  margin, 

Ex.  Herring. 
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Ctclostomi.  (G.  kuMos:  stoma,  mouth.)  A  tenn  used  tyno- 
nymouflly  with  Afargipobranehii,  in  allusion  to  the  rounded 
Bucker-like  mouths  of  the  fishes  (Lamprey,  etc.)  included  in 
that  order. 

Ctst.     (G.  kusttSf  a  sac  or  bladder.)    A  sac  or  vesicle. 

Cystic  Worms.  The  old  term  applied  to  the  "Scolioes**  or 
"Resting-larvsB,"  representing  the  transitionary  stage  in  the 
development  of  the  Tceniada  or  "  Tape> worms." 

Ctstoidea.  (G.  kustia;  and  eidoa,  form.)  An  extinct  order  of 
Bchinodermata, 

Decapoda.  (G.  deka,  ten  ;  poda,  feet.)  An  order  of  Crustacea, 
in  which  ten  walking  feet  are  present :  Ex.  Lobsters.  A 
section  of  the  IHbratichiaie  Cephalopoda,  possessing  ten  arms 
or  feet. 

Dbcidua.  (L.  de,  fh>m  ;  cado,  I  £dl.)  The  modified  mucous  or 
lining  membrane  of  the  pregnant  uterus,  when  it  falls  off  after 
the  birth  of  the  contained  embryo. 

Deciduous.  (L.  decido,  I  fall  off.)  Farts  which  are  shed  or  fall 
off  during  the  life  of  the  animal. 

Demodex.  (G.  demos,  fat ;  dex,  a  boring-worm.)  The  worm- 
like minute  parasite  which  inhabits  the  follicles  of  the  human 
skin. 

Dentirostres.  (L.  dens,  a  tooth ;  rost/rum,  a  beak.)  A  sub- 
order of  *'  Perching  "  Birds,  in  which  the  beak  has  its  upper 
mandible  notched  or  serrated. 

Dentition.  (L.  dens,  a  tooth.)  The  arrangement  of  the  teeth  in 
a  particular  animal  or  group. 

Derma.     (See  Cutis.) 

Dermal.     (G.  derma,  skin.)    Belonging  to  the  skin. 

Dextral.  (L.  dextra,  the  right  hand.)  Applied  to  those  Gas- 
terqpodous  shells,  in  which  ti^e  whorls  of  the  shell  are  wound  to 
the  right-hand  side. 

Diaphragm.  (G.  diaphroffma,  a  partition.)  The  muscular  parti- 
tion which,  in  Mammals,  separates  the  thoracic  fit>m  the 
abdominal  cavity. 

Diastema.  (G.  dia,  apart ;  histemi,  to  place.)  An  interval ; 
specially  applied  to  the  intervals  or  spaces  between  the  teeth  in 
Mammals. 

Diastole.  (G.  diastello,  I  separate.)  Applied  to  the  expansion 
of  the  cavities  of  the  heart,  in  contradistinction  to  its  ccm* 
traction  or  "  systole." 

DiATOMACEJB.  (G.  diotemno,  to  cut  through.)  The  siliceoos  or 
flinty  coverings  of  minute  vegetable  organisms  of  a  low  type  of 
organisation. 

DiBRANCHiATA.  (G.  dis,  twice ;  bragekia,  giUs.)  The  order  of 
Cuttlefishes  {C^tkakpoda),  having  two  gills. 
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DiOTNODONTiA.  (G.  dis,  twice;  kucTi,  dog;  odous,  a  tooth.) 
An  extinct  order  of  RepHlia,  posBeesing  two  canine  or  dog- 
like teeth. 

DiDELPHiA.  (G.  diSf  twice ;  delphus,  womb.)  The  sub-class  of 
Marsupial  Mammids,  possessing  a  double  uterine  cavity. 

Differentiation.    (See  Specialisation.) 

Digit.     (L.  digiiuSf  a  finger.)    A  finger  or  toe. 

DioiTiOBADA.  (L.  digitus  ;  gradior,  I  walk.)  Applied  to  those 
Carnivorous  Mammalia  which  walk  on  the  phalanges  of  their 
fore  and  hind  feet 

DiMTARiA.  (G.  dis,  twice  ;  miton,  a  muscle.)  A  division  of  the 
class  Lamellibranchiata,  comprising  those  forms,  the  shells  of 
which  are  closed  by  two  adductor  muscles. 

DiNOSAURiA.  (G.  deinoSf  terrible  ;  saura,  a  Lizard.)  An  extinct 
order  of  Beptilia. 

DiPHTODONT.  (G.  dis,  twice ;  phuo,  I  produce ;  odous,  tooth.) 
Applied  to  those  Mammals  in  which  two  sets  of  teeth  are  pro- 
duced during  the  lifetime  of  the  animal 

Dipnoi.  (G.  dis,  twice,  or  double  ;  pnoe,  breath.)  The  order  of 
Fishes  of  which  the  Lepidosireti  is  the  sole  representative. 
Applied  to  the  order  on  account  of  this  form  breathing  both  by 
giUs  and  lungs  {Protopteri). 

DiPTERA.  (G.  dis  :  pUron,  wing.)  An  order  of  Insecta,  induding 
the  Flies,  which  possess  only  two  wings. 

DisooPHORA.  (G.  diskos,  a  quoit ;  pfuiro,  I  bear.)  An  order  of 
Annelida,  sometimes  known  as  Suctoria,  or  ffirudinea,  repre- 
sented by  the  Leeches,  and  so  named  from  the  possession  of 
two  locomotive  discs. 

Dissepiments.  (L.  dissepio,  I  partition  off.)  Transverse  par- 
titions, borne  by  the  vertical  septa  of  Sclerodennie  "Coral- 
Utes." 

Distal.  Applied  to  the  free  extremity  of  the  "  hydrosoma  "  of  a 
hydrozoon,  in  contradistinction  to  the  attached  extremity,  or 
**  proximal  **  end. 

Distoma.  (G.  dis,  twice  ;  stoma,  mouth.)  A  genus  of  parasitic 
worms,  popularly  known  as  **  Liver-flukes,"  and  which  possess 
two  oral  openings  or  "  pores."     {See  Cercarije.) 

Diurnal.  (L.  dies,  day.)  Applied  to  those  animals  which  move 
abroad  during  the  day. 

Diverticulum.  (L.  diverticulum,  a  bye-road.)  Applied  to  a 
csBcal  or  blind  tube,  springing  from  the  side  of  another  tube. 

Dorsal.  (L.  dorsum,  back.)  Belonging  to  the  back,  or  "  dorsal " 
region. 

Dorsibranchiata.  (L.  dorsum;  G.  hragchia,  giUfl.)  Having 
external  giUs  attached  to  the  bock,  as  exemplified  by  certain 
Annelida  and  MoUusea  {yotobranchiata). 
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DUODXNIJM.    The  fint  portion  of  the  iatestine,  §o  called,  beeaoN 
in  the  human  subject  it  equala  the  breadth  of  twelve  fingeia. 

EcDSBON.    (O.  ek,  out;  deroi,  akin.)    The  outer  of  the  two 

layers  into  which  the  eetodenn  is  divided,  and  which  in  the 

ccffsl-beaiing  AcHnotoa  secretes  the  ''oorallum." 
ECDTSis.  -  (G.  ekdusis^  a  stripping  off.)     The  moulting  of  the 

skin  observed  in  the  larvn  or  cateipiUais  of  certain  insects. 
ECHiNOCOOOi.     (Q.  echinat,  «  hedgehog ;  hokkot^  a  beny.)    The 

cystic  forms  of  the  Tapo'Wonn  of  the  Dog  (Tcmia  eekinooocau)^ 

otherwise  known  as  "  Hydatids." 
ECHIMODBBXATA.     (G.  echinoi;  derma,  skin.)    A  dass  of  EdU- 

notoOf  represented  by  the  Sea-urchins  {Behini)  and  Star  Fiabes ; 

so  named  from  the  spiny  character  of  the  integument. 
ECHINOIDBA.     (G.  eehinoa;  eidoe,  form.)    An  order  of  JSekUuh- 

demuUa, 
EcHiNOBUTNCHTiB.     (G.  echinoi ;  rhmnehoa,  beak.)    A  genus  of 

NemaUlmia  or  Round  Worms. 
EcTOGTST.     (G.  eklos,  outside ;  huHs,  a  bladder.)    The  external 

layer  of  the  coenoBcium  of  the  Polyxoa. 
EcTODERiL     (G.  ektoi;  derma,  skin.)    The  external  layer  of  the 

skin  of  Coelenterata. 
EcTOSABC.     (G.  ektoa;  tarx,  flesh.)    The  outer  layer  of  the  pro- 
toplasm in  the  Bhuopoda, 
Edentata.     (L.  e,  witiiout ;  denu,  tooth.)    An  order  of  Mam" 

malia  in  which  the  teeth  are  wholly  or  partially  absent  {BnUa), 
Edentulous.    Toothless. 
Edaiopbthalmia.     (G.  hedraioa,  sitting ;  pphihaimos,  eyes.)    A 

division  of  Onutacea,  in  which  the  eyes  are  sessile^  or  unsup- 
ported on  stalks. 
Elasmobbanchil     (G.   elaamoy  a  thin  plate;  bragehia,  giUs.) 

An  order  of  Fishes,  including  the  Sharks  and  Bays. 
Elttba.    (G.  eluiron,  a  sheatii.)    The  homy  anterior  pair  of 

wings  found  in  Beetles  (CoUqpiera),  and  which  serve  as  sheaths 

or  cases  for  the  posterior  pair. 
Ehbbto.     (G.  sn,  in  ;  bruo,  I  swell.)    The  earliest  stage  at  which 

the  futura  anbnal  can  be  detected  in  the  impregnated  ovum 

or  egg. 
Encephalon.     (G.  egeephaloB,  brain.)    The  nervous  mass  con* 

tained  within  the  skull  of  VeriArata,  and  familiarly  known  as 

the  brain. 
Encxphaloub.      (G.   0IS  in ;  kephale,  the  head.)     Applied  to 

those  Molhuofi  in  which  a  distinct  head  is  recognisable. 
Endebon.     (G.  en;  deros,  skin.)    The  inner  layer  of  the  outer 

skin  or  ectoderm  of  CaUnieraia. 
Endoctbt.     (G.  endon,  within ;  hut%»,  a  bag.)    The  inner  layer 

or  true  skin  of  Polywoa, 
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Endobkbm.  (G.  endan;  derma,  akin.)  The  inner  layer  of  tbe 
integument  in  CcdenUrata, 

Endopoditk.  (G.  endon,  within ;  pout,  foot)  The  inner  second- 
ary joint  or  segment  of  the  typical  limb  of  Cnuiaoea, 

ENDOfiABO.  (G.  endon;  aarx,  flesh.)  The  inner  layer  of  proto- 
plasm in  Khixopoda, 

ENDoaKXLSTON.  (G.  endoti;  tkeUtos,  dry.)  The  internal  hard 
structures  (bones)  of  Vertdfrata,  known  collectiyely  as  the 
skeleton,  and  used  for  the  attachment  of  muscles,  and  support 
of  the  soft  parts ;  so  called  in  contradistinction  to  hard  de- 
yelopments  of  the  skin,  which  are  accordingly  known  as  the 
"exoskeleton." 

£2a>06TYLE.  (G.  endon  ;  ttulot,  a  pillar.)  A  fold  of  the  lining 
membrane  of  the  pharynx  in  Tunicate  Molluscs  (Aseidia), 

Entomoloot.  (G.  erUoma;  logos,  a  discourse.)  The  division  of 
Zoological  science  which  treats  of  insects. 

Entomophaoa.  (G.  entoma,  insects  ;  plhago,  I  eat)  A  section 
of  Marsupial  Mammcda,  represented  by  tiie  Opossums,  which 
feed  on  insects. 

Emtomobtraca.  {G,  entoma  /  ostrahon,  9k  BheXL)  A  division  of 
Cnutacea. 

Entozoa.  (G.  ejUoa,  within ;  zo&n,  animal.)  Animals  which  are 
parasitic  within  other  animals.  A  term  formerly  applied  to  the 
Scolecidct. 

EocsNE.  (G.  eoa,  dawn  ;  kainot,  new.)  The  lowest  division  of 
the  Tertiary  Rocks  in  which  living  species  of  animals  are  repre- 
sented to  a  limited  extent 

Epidekmis.  (G.  epi,  upon;  derma  the  true  skin.)  The  outer 
layer  of  the  skin  destitute  of  nerves  or  blood-vessels,  and  other- 
wise known  as  the  cuticle  or  scarf-skin. 

Epipodite.  (G.  epi ;  poua,  foot)  A  process  borne  by  the  proto- 
podite  of  certain  limbs  in  Crustacea.     {Su  Scafboqnathite.) 

Epistome.  (G.  epii  stoma,  the  month.)  A  valve-like  structure 
overhanging  the  mouth  in  certain  Polyzoa. 

Epithsca.  (G.  epi;  theke,  a  sheath.)  A  continuous  layer  of 
coral  structure,  suirounding  the  **  theca  "  or  chamber-like  recep- 
tacle in  Sclerodermic  Corals. 

Epizoa.  (G.  epi,  upon ;  zo9n,  animaL)  Applied  to  certain 
lower  Crustaceans,  found  parasitic  on  Fishes. 

Equilateral.  (L.  (gguus,  equal;  latus,  a  side.)  Equal-sided. 
Applied  to  certain  MoUuscan  shellSi  such  as  those  of  the  Bra' 
ehiopoda. 

Equitalvb.  (L.  cBquus ;  valvoB,  tdlding  dooTS,)  Applied  to  bi- 
valve shells,  the  valves  of  which  are  of  equal  size. 

Erbantia.  (L.  errare,  to  wander.)  An  order  of  Annelida,  the 
members  of  which  possess  considerable  power  of  movement 
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EUBYPTERIDA.  (O.  eurtu,  broad;  pieran,  wing.)  An  extinct 
group  of  Cnutaeea. 

ExOPODiTE.  (G.  exOf  outside ;  poua,  a  foot)  The  outer  second- 
ary joint  or  segment  of  the  typical  limb  of  Crustcuea. 

ExosKELETOK.  (O.  exo ;  akdetos,  dry.)  The  external  skeleton, 
so  called  in  contradistinction  to  the  endoekeleton  or  internal 
framework,  and  which  is  formed  by  hard  dex>o6itiona  in  the  in* 
tegument  or  skin  ;  whence  it  is  also  sometimes  called  the 
' '  dermo-skeleton. ' ' 

Fauna.  (L.  Faunit  the  mral  deities  of  the  Bomans.)  A  coUectiTe 
term  for  the  animal  life  of  a  country,  zone,  or  district 

Femub.  The  thigh-bone  situated  between  the  pelvis  and  bones  of 
the  leg. 

FtBlTUL  (L.  JUndoL^  the  pin  of  a  brooch.)  The  external  and 
lesser  bone  of  the  leg  in  the  higher  YerUimUti. 

Filiform.  (L.  fluit^  a  thread ;  forma^  shape).  Shaped  or 
formed  like  a  thread. 

Fimbriated.     (L./m6na»  a  fringe.)    Fringed. 

F188ILIN6UIA.  (L.^fuio,  I  cleave  ;  lingua^  tongue.)  A  group  of 
the  LacertUia  or  Lizards,  with  deft  tongues. 

Fission.  (L.  Jissus,  deft )  The  process  of  self-division  or  deavage, 
a  mode  of  reproduction  seen  in  the  lower  forms  of  animal  and 
plant  life. 

FissiPAROUS.  (L.  Jlndo,  I  cleave ;  pariOf  I  bring  forth.)  Giving 
rise  to  new  structures  or  individuals  by  fission. 

F18SIBO8TRE8.  (L.  Jissus^  cleft ;  roatruntf  beak.)  A  sub-order  of 
Perching  Birds,  in  which  the  beak  is  deft  far  back  on  the  head. 
Ex.  Swallow. 

Flaoellum.  (L.  flagellvm,  a  whip.)  The  single  lash-like  append- 
age of  certain  In/tuoriatu,  termed  accordingly  FlageUata. 

Flora.  (L.  FUnu^  the  goddess  of  flowers.)  A  collective  term  for 
the  plant  life  of  a  country  or  district 

FoLUCLE.  (L.  foUiculus,  a  little  bag.)  Minute  secreting  bags 
or  sacs,  which  open  upon  mucous  membranes. 

Foot-jaws.  Those  locomotive  appendages  of  Crusiaeea,  which 
are  modified  to  subserve  the  function  of  mastication. 

FORAMINIFERA.  (L.  foramenf  a  hole  ;  fero,  I  carry.)  A  group 
of  Bhizopoda  (Pro&xsoa),  the  bodies  of  which  are  endoMd  in 
hollow  calcareous  shells,  through  apertures  in  which,  the  proto- 
plasm of  which  they  are  composed  is  protruded. 

Fruoiyoroub.  (L.  /rux,  fruit ;  voro,  I  devour.)  Living  upon 
fruits. 

FUROXTLITM.  (L.  fureOf  a  fork.)  The  V-shaped  bone  in  Birds, 
formed  by  the  united  clavides  or  collar  bones ;  familiarly 
termed  the  "merrythought" 
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Fusiform.     (L.  fusus,  a  spindle ;  format  shape.)    Pointed  at 
both  ends ;  spindle-shaped. 

Oaleopithectts.     (6.  gdUn^  a  weasel ;  pithekos,  an  ape.)     A 

genus  of  aniTnals  aUied  to  the  Insectivora^  and  familiarly  known 

as  Flying  Lemurs. 
Gallinacei.     (L.    galUnay   a  fowl.)      A  section  of  the  order 

Baaores,  represented  by  the  Domestic  fowl 
Ganglion.     (G.  gagglion,  a  swelling.)    A  mass  of  nervous  matter, 

forming  a  centre  of  the  nervous  system,  containing  nerve  cells, 

and  recdving  and  giving  out  impressions. 
Ganoibei.     (G.  ganoSf  splendour.)    An  order  of  Fishes  covered 

with  ganoid  scales,  and  represented  in  greater  part  by  extinct 

forms. 
Gasteropoda.    (G.  gcuter,  belly ;  pous,  foot.)    A  class  of  Mol- 

lusea  possessing  a  ventral  locomotive  disc  or  foot 
Gemma.     (L.  gemma^  a  bud.)    The  bud  or  individual  produced  by 

an  animal  organism,  and  which  usually  contains  the  essentisd 

elements  of  a  new  form. 
Gemmation.    The  process  of  asexaal  reproduction  by  budding. 
Gemmiparous.     (L.  ^tfmma;  iNxrio,  I  produce.)     Giving  origin 

to  new  individuals  or  structures  by  means  of  budding. 
Gsmmule.    An  encysted  mass  of  sponge  particles,  from  which 

new  individuals  are  produced. 
Gefhtrea.     (G.  gephwrOf  a  bridge.)    A  class  of  AnniUosa,  in- 
cluding the  Spoon  Worms. 
Germ-cell.    The  first  nucleated  cell  that  appears  in  the  ovum 

after  impregnation. 
Germ-vesicle.    The  nucleated  cell,  existing  as  the  essential  part 

of  the  unimpregnated  ovum. 
Gland.     (L.  glana,  an  acorn.)    A  term  applied  to  those  organs 

which  secrete  from  the  blood  certain  fluids,  which  are  elaborated 

by  the  glandular  structures,  and  excreted  fh>m  the  gland,  usually 

by  a  separate  duct. 
GONOBLABTTDIUM.     (G.  gonos^  ofibpriug ;  hUutidion^  a  little  bud.) 

The  processes  which  bear  the  reproductive  buds  or  '*gono- 

phores  "  in  Hydrozoa, 
GoNOPHORE.     (G.  gonos ;  phero,  I  carry.)    The  generative  buds 

or  receptacles  of  the  Hydrozoa. 
Gonosome.     (G.  gonoa  ;  wma,  body.)    Applied  collectively  to  the 

generative  sooids  of  a  nydrwoOn. 
Grallatores.     (L.  grallOf  a  stUt.)    An  order  of  Birds. 
G&ANIVOROUS.     (L.  granum^  a  grain ;  voro,  I  devour.)    Living 

upon  grain  or  seeds. 
Gbaptolite.      (G.  grapho,  I  write ;  UtKas,  stone.)     An  extinct 

order  of  HydrouM, 
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Gbeoarika.  (L.  gregaritu,  ooenning  in  t  flock  or  hexd.)  A 
genus  of  ProloKM,  representing  the  class  Or^garinida. 

Otxnoubmata.  (G.  gumnos,  naked ;  laimot,  throat)  An  order 
of  Polyzoa,  in  which  the  month  is  unprotected  bjan  "epistome. " 

Gtmmophiona.     (G.   gumnos;    ophU,  a  snake.)      An  order  of 

Gtmnohomata.  (G.  gumnos;  soput,  the  body.)  An  order  of 
PUnpoda,  in  which  the  body  is  destitute  of  a  shelL 

HiniAL.  (G.  hatmOf  blood.)  Relating  to  the  Uood-Tascnlar  or 
circulatory  system. 

Hallux.  (L.  halUx,  the  great  toe.)  The  innermost  of  the  fire 
normal  digits  of  the  VertebraU  foot 

Halterbs.  (G.  haUareSf  weights  held  in  the  hand  in  leaping.) 
The  modified  second  pair  of  wings  in  Dipterous  Insects,  which 
exist  as  delicate  filaments,  and  are  supposed  to  be  of  use  in 
balancing  the  animaL 

Hbctooottlus.  (G.  hfeheUon,  a  hundred,  and  kotulos^  a  cup.) 
The  peculiar  reproductive  arm  of  male  Cqthalopoda,  formerly 
described  as  a  separate  organism. 

Hsmimbtabola.  (G.  hemi,  half;  metaboU,  change.)  A  section 
of  the  InsectOf  including  those  insects  which  undergo  an  incom- 
plete metamorphosis. 

Hemiftzra.  (G.  hemi,  and  pteron,  wing.)  An  order  of  Insects 
possessing  the  halyes  of  die  anterior  wings  of  coriaceous  or 
leathery  consistence. 

Hebmaphkodite.  (G.  Hermes,  Mercury;  Aphrodite,  Venus.) 
Applied  to  those  animals,  the  sexes  of  which  are  contained  in 
one  and  the  same  individnaL 

Hetebogebcal.  (G.  heteros,  diverse ;  lasnfeoff,  tail.)  A  term 
applied  to  the  *'  caudal "  or  tail-fin  of  Fishes,  when  composed 
of  two  unequal  halves  or  lobes. 

Hetebooanoliata.  (G.  heteros;  gagglion,  a  knot)  A  term 
applied  to  the  JfoUusoo,  in  allusion  to  the  unsymmetrical 
disposition  of  the  nervous  system  in  that  type  of  structure. 

Hbi'EBOPHAOI.  (G.  heteros,  other  ;  phago,  I  eat)  A  division  of 
Birds  in  which  the  young  are  hatched  in  a  comparatively  imma- 
ture condition. 

HlBUDiKEA.  (L.  hirudo,  a  Horse-leech.)  An  order  of  Anneiida^ 
represented  by  the  Leeches. 

HoLOCEPHALi.  (G.  fudos,  entire  ;  kephals,  head.)  A  8ub>order  of 
Elasmobranchii  represented  by  the  CHimcera. 

HOLOMETABOLA.  (G.  kolos  ;  metoboU,  change.)  A  section  of  the 
InsectcL,  including  those  forms  which  undeiigo  a  complete  meta- 
morphosis. 

HoLOSTOMATA.     (G.  holos  ;  stoma,  mouth.)     A  group  of  Oastero- 
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podOf  in  whicli  the  apertnrt  of  the  ehell  is  xmindented  or 

entire. 
HoLOTHiTRiA.     (O.  holothourionf  a  Sea-cucumber.)    A  genus  of 

EchvnodermaUi^   representing  the    order    Holoihuroidea,    and 

familiarly  known  as  "  Sea-cucumbers  and  Trepangs." 
HoMOOEBCAL.     (G.  homos,  similar ;  kerkos,  tail.)    Applied  to  the 

**  caudal "  fin  of  fishes  when  composed  of  two  equal  halves  or 

lobes. 
HoMOOAKOLiATA.     (G.  homos ;  gogglion,  a  knot)    Applied  to 

the  iinntf&MO,  in  allusion  to  the  symmetrical  disposition  of  the 

nervous  system  in  that  sub-kingdom. 
HoMOLOOT.     (G.  homos;  logos,  a  discourse.)    Applied  to  parts  or 

organs  constructed  on  the  same  fundamentid  type  or  plan. 

The  relation  between  parts  developed  out  of  the  same  embryonic 

stmctnies. 
HvMSRUS.     The  single  bone  composing  the  **  brachium,"  or  upper 

arm  of  the  higher  Vertebrata. 
HtDATIBS.      (iStoEOHIMOOOOOI.) 

Htdrifobjc.      (G.   hudra,  a  Watereerpent ;  L.  forma,   form.) 

'Resembling  the  Hydra,  or  freshwater  Polype,  in  form. 
Htdborhiza.     (G.  kudra ;  rhiM,  root)     The  adherent  basal 

portion  or  proximal  and  attached  end  of  a  Hydrozoon. 
Htdbosoma.      (G.  hudra ;  soma,  body.)    The  entire  organism, 

simple  or  compound,  of  a  Hydrozoon. 
Htdbotheoa.      (G.   kudra;   theke,   a  sheath    or  case.)     The 

chitinous  or  homy  cases  in  which  the  polypites  of  certain 

HjfdroMa  (SertuUmda)  are  protected. 
Htpbozoa.     (G.  hudra;  zodn,  animaL)    A  class  of  CoBlenUrata, 

of  which  the  Hydra,  or  "Common  f^hwater  Polype,"  is  the 

typical  representative. 
Htxsnofteba.     (G.  humen,  a  membrane;  pteron,  wing.)    An 

order  of  Ituecta  possessing  four  large  membranous  wings. 
Htoid.    (G.  U;  eidos,  form.)    The  os Hngute,  or  "tongue-bone;** 

so  named  firom  its  resemblance  in  man  to  the  Greek  letter  U. 
Hy&acoidka.     (G.  hurax,  a  shrew ;  eidos,  form.)    An  order  of 

certain  systems  of  Mammalian  classification,  including  the  single 

genus  Hyrax,  the  "  Coney"  or  Babbit  of  Scripture. 

ICETHTODORULITB.      (G.    ichthua,  fish;    doru8,  spear;    Uthos, 

stone.)    The  fossil  fiia-spines  of  Fishes,  but  principally  those  of 

the  Elasmobranchii. 
ICBTHTOMOBPHA.     (G.  tchthus ;  morphe,  form.)    An  order  of 

Amphibia,  including  the  Newts,  so  called  in  allusion  to  their 

Fish-like  shape. 
lOHTHTOPSiDA.     (G.  tdUhits ;  eptis,  appearance.)    A  province  of 

the  Vertebrata,  including  the  classes  Pisces  and  Amphibia, 
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ICHTHYOSAUBIA.     (G.  tchthus ;   Muro,  a  Lizard.)      An  extinct 

genus  of  RqpUUa. 
Imaoo.      (L.    imago^  an  image.)     Applied  by  Linnaeus  to  the 

perfect,  winged,  sexual  insect 
Imbricated.    (L.  imbrieahu,  tiled.)    Applied  to  scales  or  plates 

which  overlap  each  other  like  the  tiles  of  a  house. 
Incisob.     (L.  incido,  I  cut)    The  cutting  teeth  fixed  in  the  front 

of  the  Mammalian  jaws. 
Inbquilateral.     Having  two  unequal  sides. 
Inequitalye.     Having  two  unequal  pieces  or  valves. 
INFUNDIBITLUM.      (L.   tn/undibulumf  a  funnel)     The  tube  or 

**  funnel "  composed  df  processes  of  the  mantle  of  MoUuscoy  by 

means  of  which  the  water  passes  out  from  the  branchial  or  re- 
spiratory chamber. 
Infusobia.     (L.  if^fumm,  an  infusion.)    A  class  of  Protomie  ani- 
mals, including  microscopic  animalculn^  and  so  called  from 

their  occurrence  in  infusions  of  organic  matter. 
Inofebculata.    (L.  in,  without ;  operculum,  a  lid.)   A  section  of 

terrestrial  Gfa^eropodUL,  distinguished  by  the  non-possession  of  a 

homy  plate  or  "  operculum  "  for  closing  the  mouth  of  the  ahelL 
Inbecta.     (L.  inaecOf  I  cut  in  pieces.)    A  class  of  AfuwloaOf  dis* 

tinguished  by  the  perfect  segmentation  of  the  body. 
Inseotiyoba.      (L.  inseetum,  an  insect;  voro,  I  devour.)     An 

order  of  Mammalia^  represented  by  the  Mole. 
Insessobes.    (L.  inaedeOy  I  sit  upon.)    The  order  of  perching  or 

Pasaerine  Birds. 
Intebambttlacbal-abeas.    The  spaces  in  the  shell  of  the  Sehi' 

nuif  composed  of  plates  which  are  non-peif  orated  for  the  protni- 

sion  of  the  tubular  feet 
Ikvebtebbata.      (L.   in,  without ;    vertebra,  a  segment  of  the 

spine.)    Lamarck's  division  of  the  Animal  Kingdom,  including 

those  animals  destitute  of  a  backbone. 
IsoPODA.     (G.  i808,  equal ;  pous,  foot)    An  order  of  Oruaiacaa  in 

which  the  feet  are  equal.     Represented  by  the  Oniseus  or 

Wood  Louse. 

JuGUULB.  (L.  Jugulum,  the  throat)  Applied  to  the  Tentral  fins 
of  Fishes  when  they  are  situated  on  the  throat,  and  below  or 
in  frt>nt  of  the  pectoral  fins. 

Eainozoio.  (G.  kainas,  recent ;  toe,  life.)  The  most  recent  or 
Tertiary  period  of  palsBontologists,  including  those  formations 
in  which  the  fossils  are  those  of,  or  approach  nearly  to^  existing 
species  of  animals  and  plants. 

Kbbatode.     (G.  kenu,  horn ;  eidot,  form.)    The  homy 
of  which  sponge-fibres  are  in  greater  part  composed. 
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Labium.     (L.  labiutiif  a  lip.)    The  lower  lip  of  Annulosa. 

Labrttm.     The  upper  lip  of  AfuitUosa. 

Labykinthodontia.  (G.  labyritUhos,  a  labyrinth  ;  odous,  tootk) 
An  extinct  order  of  Amphibia. 

Lacertiua.     (L.  kuertcLf  a  Lizard.)    An  order  of  Beptilia. 

Lamella.     (L.  lamella,  a  plate.)    A  plate-like  stmctnre. 

Lamellibranchiata.  {L.  lamdla ;  Q.  bragchiay  g^.)  A  class 
of  MoUuaoa  distinguished  by  the  possession  of  membranous 
lamellar  or  plate-like  gills. 

Larva.  (L.  larva,  a  mask.)  The  term  applied  by  Linnaeus  to 
the  grub  or  caterpillar,  as  forming  the  first  stage  in  the  meta- 
morphosis of  Inseeta. 

Lartkx.  The  upper  part  of  the  trachea  or  wind-pipe,  forming 
in  the  higher  VertdMrata  the  organ  of  voice. 

Lepidoftera.  (G.  lepia,  a  scale ;  pteron,  a  wing.)  An  order  of 
Insects  represented  by  the  Moths  and  Butterflies,  distinguished 
by  the  possession  of  four  scale-covered  wings. 

Lepidosiren.  (G.  lepis,  and  seiren,  a  siien.)  A  fish  exemplify- 
ing the  order  Dipnoi,' 

Lingual.     (L.  lingua,  the  tongue.)    Connected  with  the  tongue. 

LoFHOPHORE.  (G.  Iqpkos,  a  crest;  pfiero,  I  carry.)  The  disc 
upon  which  the  tentacles  of  the  Polyzoa  are  supported. 

LORICATA.  (L.  lorica,  a  breastplate. )  Applied  to  the  division 
of  Reptiles,  including  the  Turtles  and  Crocodiles,  in  which  the 
exoskeleton  consists  of  bony  plates.     (Squamata.) 

LucERNARiA.  (L.  lucemo,  a  lamp.)  A  genus  of  Hyiirotoa,  repre- 
senting the  order  Lucemarida. 

Lumbar.     (L.  lumhua,  the  loins.)    Connected  with  the  loins. 

Macrura.  (G.  maJoros,  long ;  aura,  tail.)  A  section  of  OrtU' 
tacea  {Deeapoda),  represented  by  the  Lobsters,  etc.,  in  which  the 
tail  is  elongated. 

Maoreporiform.     Perforated  with  small  holes. 

Maoreporiform  tubercle.  The  small  perforated  plate  by 
which  water  is  admitted  to  ^the  ambulacra!  system  of  the 
JBdiinotoa, 

Kallophaoa.  (G.  mallos,  a  fleece ;  pihago,  I  eat)  An  order  of 
Lisects  parasitic  upon  Birds. 

Mammalia.  (L.  mamma,  a  breast.)  A  class  of  VertdmUa  pos- 
sessing mammary  or  milk  glands,  by  means  of  which  tiiey 
suckle  their  young. 

Mandible.  (L.  mandibidum,  a  jaw.)  The  upper  and  larger  pair 
of  Jaws  in  Arihropodoua  Annitloaa.   The  lower  jaw  in  Fertebrata. 

Mantle.  The  external  soft  skin  of  MoUuaca,  which  invests  and 
envelopes  the  viscera.     (Pallium.) 

Marsifobranchii.      (G.   manipos,  a  pouch ;  hraffcMa,  gills.) 

24 
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An  order  of  Fishes  with  poiic1i-]ike  gills^  represented  by  the 

Lampreys. 
Majksupialia.    (L.  mofVtifHKm,  a  poach.)   An  order  of  Jfainma/ui, 

represented  by  the  Kangaroos,  etc,  and  distingnished  by  the 

possession  of  an  abdominal  ponch,  in  which  the  young  are 

carried  and  protected. 
Mastodon.     (Q.  nuutoa,  breast ;  odotu,  tooth.)    An  extinct  genns 

of  Mammalia,  allied  to  the  Elephants. 
Maxilla     (L.  maoBiUa,  a  jaw.)    The  second  and  lesser  pftir  of 

jaws  in  Arthropodotu  AnnuloBO,    The  anperior  jaw  of  VerU' 

hrata, 
Maxillipedes.     Applied  to  the  anterior  modified  limbs  of  Crus- 
tacea, which  an  converted  into  masticatory  oigans,  and  termed 

"  foot-jaws." 
Medulla.     (L.  medulla,  marrow.)    The  mairow  of  bones.    The 

spinal  cord  of  Vertebrata, 
MEDuas.    A  group  of  Hydrotoa,  represented  by  the  Medundcg^ 

or  "Jelly  Fishes." 
Meoatherium.     (G.  mega,  great ;  therian,  beastr)    An  extinct 

Mammal  of  laige  si»»  allied  to  the  Sloths. 
Mesentery.    (O.  mesoe,  intermediate  ;  enteron,  intestine.)    The 

vertical  plates  which  divide  the  body  cavity  of  AUmotoa  into 

' '  loculi, '  or  chambers.     The  vascnlar  membrane  which  connects 

the  viscera  of  Echimu  to  the  internal  surface  of  the  shelL    The 

membrane  supporting  the  digestive  viscera  of  .VerUhnUa. 
Mesothohax.     (G.  meaos;  thmrax,  the  chest)    The  middle  seg- 
ment of  the  thorax  in  Inaeeta. 
MB8020IC.     (Q.  mesoa;  we,  life.)     The  Secondary  or  Middle-life 

period  of  Palssontologists. 
Metaoabpus.     (Q.  fiieta,  after ;  karpoe,  the  wrist)    The  bones 

between  the  wrist  or  caipus,  and  the  fingers  or  phalanges. 
Metamorphosis.     (O.  meta,  change  ;  m^j^^he,  shape.)    The  series 

of  changes  undergone  by  ^e  young  of  certain  animals  in  their 

progress  from  the  embryonic  to  the  mature  and  adult  state. 
Metatarsus.      (G.  mOUt,  after ;  tareoe,  the  flat  of  the  foot) 

The  bones  between  those  of  the  ankle  and  the  phalanges  of  the 

toes. 
Metathoeax.    (G.   m€ta ;  thorax,  the  chest)     The  posterior 

segment  of  the  thorax  in  Intecta, 
Molar.     (L.  mda,  a  milL)    The  teeth  of  Mammal*,  which  are  net 

precedeid  by  milk-teeth ;  the  function  of  which  is  to  *'  grind  ** 

tiie  food. 
Mollusca.      (L.  moUit,   soft.)     The  sub-kingdom  of  animab 

represented  by  Shell  Fish,  Cuttlefishes,  and  aUied  forms. 
Mollusooida.     {MoUueea;  G.  eidat,  form.)    The  lower  section 

of  Molhuca,  including  the  Polytoa,  TuiUccUa,  and  Braehiopoda, 


GLOSSARY.  595 

and  distingaislied  by  the  inferior  organisation  of  the  nerrons 

and  circulatory  systems. 
Mo^TAD.     (G.  moTuu,  single.)    Applied  to  organisms  of  microscopic 

size,  and  of  low  organisation,  found  in  organic  infusions. 
MoNODELPHiA.     (G.  mcnos  ;  ddphua,  the  womb.)    The  section  of 

Mammalia,  including  those  forms  in  which  the  uterus  is  single. 

(Placentalia.) 
KoNOMTARiA.     (G.  monoB ;  muon,  muscle.)     Applied  to  those 

LameUtbranchiatOy  represented  by  the  Oyster,  in  which  in  a 

single  adductor  muscle  only  exists. 
HoNOPHYODONT.     (G.  mtmos ;  phwo^  I  generate ;  odatu,  tooth.) 

Applied  to  those  Mammalia,  in  which  a  single  set  of  teeth  only 

is  deyeloped  throughout  life. 
MoNOTHALAHOTTB.    (G.  monos  ;  tholomoSf  chamber.)    Applied  to 

shells  which  consist  of  but  a  single  chamber. 
MoNOTREMATA.      (G.  monos ;    tremc^  aperture.)     An  order  of 

Mammalui,  represented  by  the  Omithorhynehus,  in  which  the 

urinary,  alimentary,  and  generative  systems  open  into  a  common 

chamber  or  '*  *  cloaca. "    (Ornithodelfhia). 
Morphology.    (G.  morphe,ioTm  ;  logos,  a  discourse.)  The  division 

of  biological  science  which  investigates  the  form  and  disposition 

of  organs  and  structures. 
MULTILOCULAR.     (L.   muUu8,   many ;    lociUua,  a  little  purse.) 

Consisting  of  many  chambers  or  compartments. 
HuLTiYALTE.     Applied  to  the  shells  of  certain  OasUropocUi,  which 

consist  of  more  than  two  pieces. 
Myelon.     (G.  mwlo8f  marrow.)    The  spinal  cord  of  VtrUbrata, 
Myriapoda.      (G.   mwrioB,  numerous ;  poda^  feet.)     A  class  of 

Annubaa,  represented  by  the  Centipedes,  distinguished  by  the 

large  number  of  feet. 

Natatores.     (L.  ruUo,  I  swim.)    The  order  of  swimming  Birds. 
Negtocaltx.     (G.  necho,  I  swim;  kalux,  cup.)    The  swimming 

bell  or  disc  of  Hydroxoa, 
Nematelmia.     (G.  nemo,  thread  ;  hdmiru^  a  Worm.)    An  order 

of  ScoUeida,  including  the  so-cadled  "  Round  Worms,*'  etc. 
Nematocyst.     (G.  nema;  hutiSf  a  bladder.)    The  "cnidn"  or 

thread-cells  of  Coelenterata.    {Cvtdm.) 
Nemertida.     (G.  Hemertea.)     A  group  of  ScoUcida,  including 

the  "Ribbon  Worms." 
Nerve.     (L.  nervus,  a  sinew.)    Applied  to  the  conducting  fila- 
ments or  branches  of  the  nervous  system. 
Nervures.     (L.  nermu.)    The  supporting  ribs  of  the  wings  of 

iTuecia, 
Neural.    (G.  neuroii,  a  nerve.)    Belonging  to  the  nervous  system. 
Neurapophtsis.     (G.  neuron;  apophtuis,  a  projection.)    The 

superior  arches  or  processes  which  spring  from  the  "  centrum  *' 
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or  bodj  of  a  Yertebra,  and  which  nnito  in  the  middle  line  to 

fonn  the  neural  canal  for  the  protection  of  the  spinal  oonL 
Neuropodia.      (G.  neuron;  paus,  the  foot.)      The  inferior  or 

Tentral  "oars"  or  ''  foot  tubercles  "  of  Annelida,  so  called  &om 

their  position  relative  to  the  nervous  system. 
Nettropteba.     (G.  neuron  ;  pteron,  wing.)    An  order  of  IneeetOy 

represented  by  the  Dragon  Flies,  etc.,  distinguished  by  the 

IMMsession  of  four  large  membranous  wings,  supported  by 

distinct "  nervures." 
Netttbb.     (L.  neuter,  neither. )     Applied  specially  to  those  Insects 

in  which  the  sex  is  indistinct  or  undeveloped. 
Nictitating  membrane.    (L.  ntcto,!  wink.)    The  third  eyelid 

of  Reptiles  and  Birds. 
Nocturnal.    (L.  nox,  night)    Applied  to  those  forms  which  are 

active  or  move  about  during  the  night 
Normal.     (L.  norma,  a  rule  or  standard.)    Agreeing  with  an 

ordinary  type  of  structure  or  function. 
NOTOBRANCHIATA.     (G.  noton,  back  ;  bragchia,  gills.)    A  group 

of  the  Annelida,  in  which  the  gills  are  borne  on  the  upper  or 

dorsal  surface  of  the  body. 
NoTOCBORD.     (G.  noUm;  chorde,  a  string.)    Or  "Chorda  Dor- 

salis."    An  embryonic  structure  found  in  all  Vertebrates,  and 

fonned  in  the  floor  of  the  "primitive  groove."    Replaced  in 

the  adult  by  the  spinal  column,  of  which  the  notochord  is  the 

early  representative. 
NoTOPODiUM.     (G.  noton;  poda,  feet)    The  superior  or  dorsal 

**  oar,**  or  foot  tubercle  of  Anndida, 
Nucleated.     Possessing  a  nucleus  or  central  solid  particle. 
Nucleolus.    (L.  diminutive  of  nucleus,  a  kernel.)    The  speck  or 

particle  of  solid  matter  found  in  the  interior  of  the  nudeus  of 

cells. 
Nucleus.     (L.  nucleus.)    The  particle  of  solid  germinal  matter 

found  in  the  interior  of  cells,  and  with  which  the  development 

of  cells  is  intimately  associated. 
NupiBRANCHiATA.     (L.  nudus,  naked  ;  G.  bragchia,  gills.)    a 

division  of  Ckuteropoda,  in  which  the  gills  are  unprotected. 
Ntmphb.     The  pupa  of  Insects,  which  are  active  during  the 

cluTsalis  or  pupa  stage  of  their  development 

Occipital.    Belonging  to  the  ''occipital"  bone,  or  back  part  of 

the  head. 
OcELLL    (L.  ocellus,  a  little  eye.)    The  simple  eyes  of  CkeUnimrata, 

EckinodermcUa,  Annuiosa,  and  MoUuaoa, 
OcTOPODA.      (G.  odo,  eight;  poda,   feet)     A  division  of  the 

Dibranchiate  Cephalopoda,  including  those  Cuttlefishes  which 

possess  eight  arms  or  tentacles. 
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Odontopho&e.  (G.  odouSf  tooth ;  phero,  I  bear.)  The  miuti- 
catory  "  tongue,"  or  lingual  ribbon  of  MoUtuca. 

Odontopuoba.  (G.  odous;  phero.)  Applied  collectively  to 
those  classes  of  MoUusca  which  possess  distinct  heads,  and  in 
which  an  **odontophore"  is  also  present. 

(Ebophaous.  (G.  oisosy  aieed;  phagdn,  to  eat.)  The  "gullet," 
or  tube  leading  from  the  mouth  to  the  stomach. 

OLioocHiBTA  (G.  oligoSf  few;  chaitef  hair.)  An  order  of 
AnnelidOj  represented  by  the  Earthworms,  in  which  few  loco- 
motive bristles  are  developed. 

Oolite.     A  series  of  strata  of  the  Mesozoic  period. 

Opsrculata.  (L.  operculum,  a  lid.)  A  division  of  Pulmo- 
nary GasUropodOf  in  which  the  shell  is  closed  by  an  "  oper- 
culum. " 

Operculum.  (L.  operculum.)  A  homy  or  calcareous  plate 
borne  on  the  "foot  "  of  GkuUropodotta  Afolluaca,  by  means  of 
which  the  aperture  of  the  shell  is  closed  when  the  animal  is 
retracted  within  its  abode.  Applied  to  the  movable  piece  of 
the  shell  in  certain  Onutaceans,  such  as  Balanua.  The  bony 
flap  of  Fishes  covering  the  gills,  and  forming  the  external 
covering  of  the  branchial  or  gill-chamber. 

UPHIDIA.  (G.  cpJiis,  a  serpent)  An  order  of  Emilia,  including 
the  snakes. 

Opuiohorpha.  (G.  aphis;  morplie,  shape.)  A  division  of 
Amphibia,  represented  by  the  CcBcUiadce, 

Ophiura.  (G.  ophis :  oura,  a  taiL)  A  genua  of  Eehinodermata, 
represented  by  the  **  Brittle  Stars,"  which  form  the  type  of  the 
Older  Ophiuroidea, 

Opisthobranchiata.  (G.  opisthen,  behind ;  bragehia,  gills.) 
A  group  of  Chtsteropoda,  in  which  the  gills  are  situated  towards 
the  posterior  aspect  of  the  body. 

Opi8THOC(ELOU8.  (G.  opisthen ;  koilos,  hollow.)  Applied  to 
those  vertebras  the  bodies  of  which  are  hollow  or  concave 
posteriorly. 

Oral.     (L.  os,  mouth.)    Belonging  to  the  mouth. 

Ornithodelphia.  (G.  omithasy  a  bird;  delphus,  the  womb.) 
A  sub-class  of  Mammalia^  including  the  OmiUiorhyTiehus, 
(Monotremata.) 

Ornithorhtnomus.  (G.  omithoa  ;  rhunchos,  beak )  A  genus  of 
Monotremata,  familiarly  known  as  the  Duck'Ulled  Platypus, 
or  "Water-mole  "  of  Australia. 

Orthoptera.  (G.  orthos,  straight ;  pteron,  wing.)  An  order  of 
Inseda,  represented  by  Locusts,  etc.,  characterised  by  the 
"  straight "  arrangement  of  the  wing-nervures. 

OscuLA.  (L.  oaeulum^  a  little  mouth.)  The  laiger  "exhalent" 
apertures  of  Spongida, 
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Otoliths.  (G.  oua,  ear ;  li(ko$,  stone.)  Calcareous  particles 
enclosed  in  the  auditory  capsules  of  Inveriebrata. 

Oyabt.  The  essential  element  of  the  female  reprodnctiye  system, 
in  which  the  *'  ova  "  or  eggs  are  developed. 

Oviparous.  (L.  ovum,  an  9gg ;  pariOf  I  produce.)  Producing 
eggs.  Specially  applied  to  tliose  FerUbrcUa  in  which  the  ova 
are  expelled  from  the  parent  body  before  or  soon  after  im- 
pregnation. 

Ovipositor.  (L.  ovum  ;  pono,  I  place.)  The  abdominal  terminal 
appendages  of  certain  Inseds,  by  means  of  which  the  eggs  are 
deposited  or  placed  in  situations  favourable  for  development. 

Ovum.  (L.  ovumu)  The  <*ovum"  or  egg,  representing  the 
essential  contribution  of  the  female  in  the  reproductive  process, 
snd  which,  after  impregnation,  is  capable  of  evolving  a  new 
form  or  "  individual.' 

OzTURis.  (G.  oxus,  sharp ;  aura,  taiL)  The  genus  of  **  Thread- 
wonns,"  included  in  the  NematdfniA, 

Pachydermata.  (G.  paehvB,  thick ;  derma,  skin.)  An  order  of 
Mammalia  now  included  in  the  UngukUa,  and  which  was 
represented  by  the  £lephants  and  allied  forms. 

Palaontolooy.  (G.  paiaios,  andept;  logo9,  a  discourse.)  A 
division  of  science  which  investigates  extinct  and  fossil  organic 
remains. 

Palaotherium.  (G.  paiaios;  therian,  beast)  An  ertinct 
UhgtUaU  Mammal  allied  to  the  Tapirs,  and  belonging  to  the 
Tertiary  epoch. 

PAUBOZOia  (G.  palaio8 ;  zoe,  life.)  The  most  ancient  of  the 
epochs  into  which  the  series  of  rock  formations  is  divided. 

Pallial.     Belonging  to  the  ' '  mantle. " 

Palliobranohiata.  {L.  pallium  ;  O,  bragehia,  fpllB.)  A  term 
formerly  applied  to  the  Brachiopodous  Mollusea,  in  allusion  to 
the  erroneous  supposition  that  the  mantle  formed  the  respira- 
tory organ  in  these  forms. 

Pallium.  {L.  palliwm,  a  cioak.)  The  *' mantle  "  of  if o^Ziiseo, 
or  membrane  which  secretes  the  shell. 

I^ALPi.  (L.  palpo,  I  touch.)  Appendages  attached  to  the  mas- 
ticatory organs  of  Inseeta,  Arachnida,  and  Crustacea,  and 
which  are  supposed  to  subserve  the  sense  of  touch. 

Parapodla.  (G.  para,  beside ;  poda,  feet)  The  lateral  pro- 
cesses of  Annelida,  otherwise  known  as  "foot-tubercles." 

Parietal.  (L.  paries,  a  walL)  Belonging  to  the  walls  or  sides 
of  any  cavity  or  structure. 

Parieto-splanchnio.  (L.  paries ;  G.  spkufchna,  viscera).  The 
nervous  ganglion  in  the  higher  MoUusca  which  supplies  the 
mantle,  gills,  and  viscera  generally. 
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Pataoium.  (G.  patoffeum,  the  border  of  a  dress.)  Applied  to 
the  expansion  of  the  skin  or  integument  by  which  certain 
animals  (Flying  Dragon,  Bats,  Flying  Lemurs,  etc.)  support 
themselres  in  the  air. 

Patella.     The  knee-pan  or  knee-cap. 

Pegtobal.     (L.  pectus,  the  breast.)    Belonging  to  the  chest. 

Pedal.  (L.  pes,  the  foot.)  Relating  to  the  " foot "  of  Molluaoa. 
Connected  with  the  foot. 

Pedicbllariji.  (L.  pedieellus,  a  Louse.)  Minute  organic  append- 
ages found  attached  to  the  external  surface  of  most  JEehinoder- 
motet. 

Pedipalpl  (L.  pes,  the  foot ;  palpo,  I  feel.)  A  term  sometimes 
applied  to  the  order  of  ArachnidoL,  including  the  Scorpions,  and 
so  called  firom  the  great  development  of  the  maxillary  palpi. 

Peduncle.  (L.  pedunwidus,  a  stalk.)  The  stalk  by  which  cer- 
tain Bnuhiopoda  are  attached  to  fixed  objects.  The  stalk  of 
Oirripedes,     Ex.  Barnacles. 

Pelagic.  (G.  pelagos,  sea.)  Applied  to  those  forms  which  in- 
habit the  open  sea. 

Pelyib.  (L.  pelvis,  a  basin.)  The  **  hip-girdle  *'  or  bony  arch 
supporting  the  hinder  or  pelvic  limbs  of  VertebrcUa. 

Pebennibranchlata.  (L.  perenms,  perpetual ;  G.  Iragchia, 
giUs.)  A  group  of  Amphibia  in  which  the  gills  are  persistent 
throughout  life. 

Pebicabdium.  (G.  peri,  around  ;  kardia,  heart.)  The  serous 
membrane  which  envelopes  the  heart  in  the  higher  animals. 
Applied  to  a  large  venous  canal  or  ''sinus"  surrounding  the 
httu-t  of  OrttsUtcea. 

Pebioastbio.  (G.  peri;  gcuter,  stomach.)  Applied  to  spaces 
in  the  body-cavity  of  Tn/vertebfXjUes  which  surround  the  stomach 
and  viscera  generally,  and  through  which  a  distinct  circulation 
or  ''  cydosis  '*  is  in  some  cases  maintained. 

Pebissodacttla.  (G.  perissos,  uneven;  daktulos,  toe.)  Ap- 
plied to  those  Ungulate  or  ''  Hoofed  '*  Quadrupeds,  in  which 
the  feet  have  an  odd  number  of  digits.    Ex.  Tapir,  Horse. 

Pebiyiscebal.     {See  Pebioastbio.) 

Phalanges.  (G.  phalagx,  a  row.)  The  small  bones  composing 
the  digits  (or  fingers  and  toes)  of  the  higher  Vertebrata. 

Phabtngobbanchil  (G.  pka/rugx,  the  pharynx  ;  bragchia,  gills. ) 
An  order  of  Fishes,  induding  only  the  Lanoeiet^  in  which  the 
perforated  pharynx  performs  the  function  of  gilts. 

Phabtnx.     (G.  pharugx.)    The  upper  part  of  the  gullet. 

Phragmacone.  (G.  phragma,  a  partition ;  Jconos,  a  cone.)  The 
chambered  portion  of  the  shell  of  the  Belemnitidai, 

Phylactolshata.  (G.  phtUakios,  guarded;  IcUmos,  throat.) 
An  order  of  Polyma,  in  which  the  oral  opening  is  guarded  by 
an  epistome. 
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Phy80PH0RIDJ[.     (G.  pkttsa,  bellows  ;  phero,  I  cany.)    An  order 

of  Mydrogoa,  distingaiBhed  by  the  possedsion  of  a  **  pneuiDato- 

phore,"  or  "  float" 
Phytophaoous.     (G.  phtUon,  a  plant ;  phago,  I  eat.)    Applied 

to  those  animals  which  subsiBt  on  a  vegetable  diet. 
Pinnate.     (L.  pinna,  a  feather.)    Feather-shaped. 
PumiGRADA.     (L.  pinna;  gradiar,  I  walk.)    A  group  of  Cami- 

voraits  Mammals,  represented  by  the  Seals  and  Walruses,  in 

which  the  feet  are  in  the  form  of  swimming  paddles. 
Pisces.     (L.  piscis,  a  fish.)    A  class  of  VertebreUti,  including  the 

Fishes. 
Placenta.     (L.  placenta,  a  cake. )    Applied  to  the  "  after-birth,*' 

or  organ  by  means  of  which  a  Tascular  connection  is  maintained 

between  the  foetus  and  mother  before  birth. 
Plaooid.     (G.  plax,  a  plate ;  eidos,  form.)    Applied  to  the  bony 

plates  or  scales  found  irregularly  disposed  over  the  skin  of 

certain  Fishes,  such  as  Sharks,  Rays,  etc. 
Plaoiostomi.     (G.  plagios,  transverse ;  stoma,  mouth.)     A  divi- 
sion of  Elasmobranckii,  including  the  Sharks  and  Bays,  in 

which  the  mouth  is  transverse,  and  situated  on  the  under  suiiaoe 

of  the  head. 
Plantigrade.    (L.  planta,  the  sole  of  the  foot ;  gradict,  I  walk.) 

A  division  of  Camivora,  in  which  the  whole  of  the  foot  is  applied 

to  the  ground  in  walking.     Ex.  Bears. 
Platyelmia.     (G.  pUxtus,  broad  ;  helmins,  a  worm.)    A  group 

of  Scokcida,  including  the  '*  Tape  "  or  Flat  Worms. 
Plattrhina.     (G.  platus,  broad  ;  rhines,  nostrils.)    A  division 

of  Quadrumawi,  in  which  the  nostrils  are  broad  and  placed 

widely  apart.     Ex.  Spider-monkeys. 
Plbsiosaurus.     (G.  pUsios,  near ;  saura,  a  Lizard.)    An  extinct 

genus  of  marine  BepiiUs,  representing  the  order  Pksiosauria, 
Pneumatic.    (G.  pneuma,  air).    Applied  to  cavities  or  structures 

filled  with  air. 
Pneumatophore.     (G.  pneuma;  phero,  I  carry.)    The  ''float** 

or  dilated  portion  of  the  cGenosarc  in  PhysophoridiB,  by  means 

of  which  these  oceanic  forms  float  on  the  surface  of  the  sea. 
PoDOPHTHALMiA.     (G.  pvus,  foot ;  ophtfuUmos,  eye.)    An  order 

of  Crustacea  {Ikcapoda),  in  which  the  eyes  are  pedunculated  or 

stalked. 
POLLEX.     (L.  poUex,  the  thumb.)    The  first  or  innennost  digit 

of  the  pectoral  limb  of  VerUbrata — ^the  thumb. 
PoLTOASTRiCA.     (G.  polus,  many  ;  gasler,  belly  or  stomach.)    A 

name  applied  erroneously  by  Ehrenberg  to  the  Inftuoria, 
PoLTPARY.     The  chitinous  secretion  investing  the  "hydroaoma** 

of  many  Hydraeoa. 
Polype.     (G.  polus,  many;  pous,  foot)    Now  applied  to  the 
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"individuals"  of  single  Adinozoa,  or  to  the  '^Zooids"  of  a 

compound  Actirumodn,    Broadly  used  to  signify^  any  of  the 

phint-like  Protozoa  and  CosleTUercUa, 
POLYPIDS.     Applied  to  the  individual  zooids  of  a  PolyzoOn. 
PoLTPiDOM.     The  common  integumentary  structure  of  a  compound 

Hydrozoon  or  Polyzoon. 
POLTPITE.     Applied  to  the  individual  zooids  of  a  Hydrozo^, 
PoLTTHALAMOUS.    (G.  poluSy  many  ;  thalamos,  chamber.)    Many- 
chambered  ;  applied  to  the  shells  of  Foramini/era, 
PoLYZOA.     (G.  poltis,  many  ;  zo&n^  animal.)     A  class  of  Melius- 

coida,   represented  by  compound  forms  {FlustroB  or   **  Sea- 
Mats  ").     The  term  Bryozoa  is  sometimes  applied  to  this  class. 
POLTZOARITTM.     The  common  integumentary  system  or  structure 

of  a  PolyzoiSn. 
PORIFERA.      (L.  porus,  a  pore  ;  fero,  I  carry.)    An  old  term 

applied  to  the  Sponges. 
PosT-(E80PHAOEAL.     Situated  posteriorly  to  or  behind  the  gullet. 
PiLBMOLAR.      (L.    prae,  in    front ;    molares,    grinders.)       The 

"  Bicuspid  "  teeth  ;  or  those  "  Molars  "  which  are  preceded  by 

deciduous  or  Milk-teeth. 
Pra-cesophaoeal.      Situated  anteriorly  to  or  in  front  of  the 

gullet. 
Proboscidea.     (L.  prohosdSy  the  snout )    A  division  of  hoofed 

Qtiadrupeds,  represented  solely  by  the  Elephants,  and  distin- 

guished  by  the  possession  of  a  proboscis. 
Prckxeloits.     (G.  pro,  front ;  koilos,  hollow.)    Applied  to  those 

vertebrse,  the  bodies  of  which  are  concave  or  hollow  in  front. 
Proglottis.    (G.  proglottis^  the  point  of  the  tongue.)    Applied 

to  the  generative  segments  or  zooids  of  Scolecida,  produced  by 

gemmation,  and  containing  ova.     Ex.  Tape-worm. 
Proleos.     False  or  abdominal  legs  of  Lepidopterous  larvse. 
Propodite.    (0.  prOf  front ;  potis,  foot)    The  proximal  segment 

of  the  typical  limb  of  Grustaeea. 
PROSCOLEX.     (G.  pro,  before  ;  skolex,  worm.)    The  first  stage  in 

the  development  of  a  Tape-worm,  represented  by  the  early 

embryo  liberated  from  the  ovum. 
PROSOBRANCHIATA.     (G.  proson,  in  advance  of ;  bragchia,  gills.) 

A  division  of  Ghisteropodaf  in  which  the  gills  are  situated 

anteriorly  to  the  heart. 
Prothorax.     (G.  pro,  before  ;  thorax,  the  chest.)    The  anterior 

segment  of  the  thorax  in  Insecta. 
Protista.     A  term  applied  by  Hackel  to  a  division,  including 

those  lower  otganisms,  the  exact  nature  of  which   (plant  or 

animal)  has  not  been  certainly  ascertained. 
Protophtta.     (G.  protos,  first;  phiUon,  plant)    A  collective 

term,  applied  to  the  lower  orders  of  plants. 
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Protoplasm.     (G.  prctM;  piasso,  to  fonn.)    "The  primitiTe 

indifferent  tiBsne  of  the  embryo. "    The  elementary  or  primitlTe 

basifl  of  organised  heings  and  tisauea.     The  physical  basis  of 

life.     Sometimes  also  called  "sarcode  "  or  *' bioplasm." 
Protozoa.     (G.  protot ;  toen,  animal.)    The  lowest  sub-kingdom 

of  animals. 
Proyxntricitlus.     (L.  pro^  in  front  of;  venJtrkuhu^  diminntiTe 

of  venUr,  belly.)   The  anterior  portion  of  the  stomach  in  Birds, 

corresponding  to  the  cardiac  part  of  the  stomach  in  the  higher 

animals. 
Proximal.     (L.  proximuB,  next)    The  fixed  extremity  of  a  limb 

or  organism. 
PsALTERiUM.     (L.    jMo^teritifiiy  a  stringed  instniment.)      The 

third  compartment  of  the  Ruminant  stomach. 
PsEUBOHJOCAL.     (0.  pstudoB^  false;  haima,  blood.)      A  tenn 

applied  to  the  blood-vascular  system  of  Annelida, 
P8RT7DONATICRLL&      (O.  p8eudos ;   navtculo,   a   little  boat.) 

Applied  to  the  embryos  of  Orefforinida,  in  allusion  to  their 

boat-like  shape. 
Pbrttdopodia.     {G,  pseudos  ;  poda,  feet.)    The  prolongations  of 

the  protoplasmic  body  of  the  JRhizopada,  which  can  be  thrust 

out  or  drawn  in  at  will. 
Pterodacttla.     (O.  pterxm^  wing ;  daktulas,  finger.)    An  order 

of  extinct  Reptiles, 
Pteropoda.     (G.  pteron ;  poda^  feet)    A  class  of  ifoUuaca, 

distinguished  by  the  presence  of  two  wing-like  fins  attached  to 

the  head. 
Pterobauria.    (Sm  Pterodacttla.) 
Pulmonaria.    (L.  /mjmo,  a  lung.)    A  section  of  Aradmida, 

possessing  piUmonary  or  lung  sacs. 
PuufONiFERA.      (L.  pulmo;  fero^   I  carry.)     A  division  of 

OaMercpodims  MoUuaoa,  which  breathe  by  means  of  a  pul- 
monary sac  or  chamber. 
Pupa.     (L.  pupa,  a  dolL )    The  second  and  usually  quiescent  stage 

in  the  metamorphosis  of  InMdet,  sometimes  called  '* nymph" 

or  **  cluysalis.'* 
Ptlorub.     (G.  piUoros,  a  gate-keeper.)    Applied  to  the  valvular 

structure  between  the  stomach  and  intestine. 

QuADRATUM  Os.    The  bone  by  which  the  lower  jaw  in  Sauropsida 

articulates  with  the  skull. 
QuADRTTMANA.     (L.  quotuoT,  four  ;  fnanua,  hand.)    An  order  of 

Mammalia,  including  the  Apes,  Monkeys,  and  Lemurs. 

Radiata.  (L.  radius,  a  spoke,  or  ray.)  A  term  applied  by 
Cuvier  to  a  sub-kingdom  of  animals  now  included  under  the 
Protozoa,  CoUenierata,  and  JSehinoxoa, 
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Radiolabia.     {L,  radius.)    A  gron^  of  Protoxoet. 

Radius.     (L.  radvus,)    The  bone  of  the  foreann  in  the  higher 

VeriebraUi,  which  articulates  with  the  pollex  or  thumb. 
Ramtxs.     (L.  ramus,  a  branch.)    Applied  to  each  half  of  the 

lower  jaw  in  VertebnUea, 
Raptorbs.     (L.  rapto,  I  steaL)    An  order  of  Birds,  including  the 

Birds  of  prey. 
Rasobes.     (L.  radOf  I  scratch.)    An  order  of  Birds,  including  the 

common  Fowl  and  Its  allies,  distinguished  by  their  scratching 

habits.     Otherwise  known  as  the  CfiUHna/eeL 
Ratita.     (L.  raiis,  a  raft.)    A  term  applied  by  Huxley  to  the 

CuraoreSf  or  running  Birds,  in  allusion  to  the  "keel-less" 

character  of  the  sternum  or  breast^bone. 
Rectitm.     (L.  reduSf  straight)     The  terminal  portion  of  the 

intestine,  so  named  from  its  usually  short  and  straight  course. 
Reonum  Pbotistiocm.      Hiickel's  division  of  ozganic  things, 

formed  to  include  certain  low  organisms,  concerning  the  true 

nature  of  which  some  doubt  exists. 
Renal.     (L.  ren,  a  kidney.)     Pertaining  to  the  urinary  function. 
Reftilia.     (L.  repto,  I  crawl.)    A  class  of  Vert^braUi,  including 

the  Turtles,  Serpents,  Crocodiles,  and  Lizards. 
Reticulum.     (L.  reHculum,  a  net)    The  second  compartment  of 

the  Ruminant  stomach,  so  named  from  the  reticulated  or  net- 
work appearance  of  its  internal  surface.     Otherwise  known  as 

the  "  Honeycomb." 
Rhizopoda.    (O.  rhiea,  root ;  poda,  feet.)    A  class  of  Protoxoa, 

represented  by  the  Amceba,  in  which  the  sarcode  of  the  body 

is  capable  of  being  protruded  in  the  form  of  pseudopodia. 
RoDENTiA.      (L.  rodere,  to  gnaw.)    An  order  of  Mammalia^ 

represented  by  the  Rats,  Beavers,  etc. 
RosTBUM.     (L.  rostrum,  a  beak.)    Applied  to  the  anterior  spine 

of  the  carapace  in  CfrustaeeOf  and  to  the  suctorial  apparatus  of 

the  mouth  in  certain  Insecta. 
RoTiFEBA.    (Lb  roki,  a  wheel  ;/ero,  I  bear.)    A  class  of  Animal- 
cules, now  included  in  the  sub-kingdom  Bchinozoci,  and  distin- 

guished  by  the  possession  of  an  anterior  ciliated  disc 
RuGbsA.     (L.  rugasus,  wrinkled.)    An  order  of  extinct  corals 

{Actinozoa). 
Rumen.     (L.  rumen,  the  throat)    The  first  compartment  of  the 

Buminant  stomach,  otherwise  known  as  the  "  paunch." 
RuMiNANTiA.      (L.   niminar,   I  chew  the  cud.)    An  order  or 

group  of  Afammalia,  including  those  forms  which  **  ruminate  " 

or  **  chew  the  cud." 

Sacbum.    Applied  collectively  to  the  vertebras  which  usually  unite 
to  form  a  siogle  bone,  and  which  in  turn  forms  part  of  the  pelvis. 
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Sabcode.     (G.  sarx,  flesh ;  eidos^  form.)    {See  Pbotoflasil) 
Sauria.    (G.  saura,  a  Lizard.)    A  term  sometimes  applied  to  the 

Crocodiles  and  Lizards,  as  forming  the  Lizard-like  Reptiles. 
Sauropsida.     (G.   aaura;  opsis,  appearance.)    A  province  of 

Vertebrata  including  the  Reptiles  (JUptilia)  and  Birds  (Avea). 
Saurubjb.     (G.   saura;  oura^  taiL)    An  order  of  Birds  repre* 

sented  only  by  the  extinct  Archceopteryx,  distinguished  by  the 

possession  of  a  long  Lizard-like  tail. 
ScANSORES.    (L.  acarido,  I  climb. )    An  order  of  Birds  represented 

by  the  Parrots,  distinguished  by  their  climbing  habits. 
ScAPHOONATHiTE.      (G.   skaphos^   boat;   ffncUhos,  jaw.)      The 

appendage  or  epipodite  of  the  second  pair  of  maxills  in  the 

Lobster,  etc.    Used  to  bale  out  the  water  from  the  respiratory 

or  branchial  chamber. 
SOAPULA.      The  "shoulder-blade,"  one  of  the  elements  of  the 

pectoral  arch  of  Vertebrata. 
ScLEROBASic.     (G.    skUros,  hard  ;   basis,  column.)     The  coral 

produced  by  the  outer  layer  of  the  integument  in  Aeitnozoa^ 

and  which  exists  as  a  solid  central  stem  or  axis  enveloped  by 

the  soft  tissues  of  the  animaL 
Sclerodermic.    (G.  skUros  ;  derma,  skin. )    Applied  to  the  coral- 

structures  secreted  toithin  the  tissues  of  Actinoeoa, 
Sclerotic.     (G.  skUros. )    The  outer  fibrous  capsule  of  the  eye, 

which,  in  certain  instances,  bears  osseous  developments  in  its 

substance. 
ScoLECiDA.     (G.  skolex,  a  worm.)    A  class  of  Eehijiozoa,  includ- 
ing the  Entoxoa  of  some  authors,  and  represented  by  parasitic 

worms. 
ScoLEZ.    (G.  skolex,)    The  larval  stage  of  the  Scolecida,  otherwise 

known  as  a  Cystic  Worm, 
Scutum.     (L.  scutum,  a  shield.)    Applied  to  the  bony  plates 

developed  in  the  dermis  or  true  skin  of  certain  Reptiles,  such 

as  the  Crocodiles, 
Septa.     (L.  septwm,  a  partition.)    Applied  to  any  partition-like 

structures  or  dividing  membranes. 
Sertularida.    (L.  sertwm,  a  wreath ;  G.  eidos,  form.)   An  order 

of  Hydrozoa, 
Sessile.     (L.  sedo,  I  sit.)    Applied  to  any  structures  or  forms 

which  are  attached  directly,  or  without  the  intervention  of  a 

peduncle  or  stalk. 
Set&     (L.  seta,  a  bristle.)    Bristles  or  hair-like  processes. 
Siliceous.    (L.  silex,  flint)    Composed  of  flint 
Sinus.     (L.  sinus,  a  bay.)    Applied  to  the  lai^  venous  receptacles 

which  exist  in  the  neighbourhood  of  the  heart  and  respiratory 

organs  in  Invert^nutek,    Otherwise  applied  to  any  large  channel 

having  an  undefined  course  or  boundary  line. 
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Siphon.  (G.  siphon^  a  tube.)  The  respiratory  tubes  of  certain 
Molluscs, 

SiPHONOSTOMATA.  (G.  nphon ;  stomcL,  mouth.)  A  division  of 
Oasteropoda  in  which  the  aperture  of  the  shell  is  indented  by 
a  notch  for  the  protection  of  a  respiratory  tube  or  siphon. 

SiPTJNCLE.  (L.  sipunculuSf  a  little  tube.)  The  tube,  by  means 
of  which  communication  is  maintained  between  the  chambers 
of  the  shell  in  certain  Cephalopoda, 

SiRENlA.  (G.  Seirefif  a  mermaid.)  An  order  of  McMnmalia, 
represented  by  the  Dugongs,  etc. 

SoLiDUNOULA.  (h,  soliduSj  soUd  ;  ufigulaf  B,hoot)  The  division 
of  Ungulate  or  "  Hoofed  "  Quadrupeds,  including  the  Horse,  in 
which  the  toes  are  enclosed  in  a  single  and  solid  hoof. 

Somatic.     (G.  soma,  body.)    Belonging  to  the  body. 

Somite.  (G.  soma.)  Applied  to  the  segments  of  AnntUose 
bodies  ;  but  also  to  the  individual  segments  or  joints  of  a  con- 
nected series. 

Specialisation  op  Function.  A  term  employed  to  indicate 
the  growth  in  complexity  of  a  function  or  series  of  functions  in 
living  bodies,  the  essential  of  the  definition  being  the  super- 
adding of  new  organs  and  new  parts  as  the  function  becomes 
divided  in  turn.  Thus  the  digestive  system  of  a  Mammal  is 
more  specialised  than  that  of  a  Worm ;  i.e.,  the  function  is 
more  complex,  and  its  various  parts  are  subserved  each  by 
special  organs.  Milne  Edwards'  term,  the  "physiological 
division  of  labour,"  well  explains  the  meaning  of  the  expression. 

Sperm ABIUM.  (G.  sperma,  seed.)  The  organ  by  which  the 
essential  element  or  "  spermatic  fluid  "  of  the  male  is  produced. 

Spermatozoa.  (G.  sperma;  zodn,  animal.)  The  minnte 
animalcules  found  in  the  "  spermatic  fluid  "  of  the  male,  and  in 
which  it  is  supposed  the  essential  element  of  the  male  resides. 

Spicttla.  (L.  spieulum,  a  point.)  Pointed,  or  spindle-shaped 
bodies.  Usually  applied  to  the  calcareous  particles  found  in 
Sponges. 

Spinneset.  The  oi^gan  by  means  of  which'  the  thread-secretion 
of  Spiders,  etc.,  is  produced. 

Spiracles.  (L.  spiro,  I  breathe.)  The  external  openings  of  the 
respiratory  tubes  of  Insects ;  also  applied  to  the  breathing- 
boles  of  certain  Fishes,  and  to  the  nostrils  of  certain  Cetaeea, 

Spokoida.  (G.  spoggos,  a  sponge.)  A  class  of  Protozoa,  fami- 
liarly known  as  Sponges. 

Spores.  (G.  spores  seed.)  Applied  to  the  generative  seeds  or 
"  gemmules  "  of  certain  Protozoa, 

Sqtiamata.  (L.  squama,  a  scale.)  Applied  to  certain  BepHles 
(Snakes  and  Lizards),  in  which  epidermic  scales  are  deve- 
loped.     (LORIOATA.) 
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Statoblasts.  (G.  HtUoSy  fixed ;  bUutos,  a  bud.)  Reproductive 
bodies  found  in  certain  PolyzoOj  which  onlj  undergo  develop- 
ment when  set  free  from  the  organism  in  which  they  are 
produced. 

Stshmum.  The  "  breast-bone  "  of  higher  Vertdrrata,  Or  the 
lower  or  ventral  pieces  of  the  typical  segments  in  Onulacea, 

Stiomata.     (G.  j^t^a,  a  mark.)     (iSee  Spiracles. ) 

Stolon.  (G.  stoXos^  a  branch.)  The  connecting  basAl  processes 
or  "roots,**  by  means  of  which  the  zooids  of  certain  AcHnozoa 
and  TuniccUa  are  bound  together. 

Stomapoda.  (G.  stoma,  mouth;  podcL,  feet.)  An  order  of 
Crustacea,  distinguished  by  the  possession  of  foot-like  oral 
appendages.     Ex.  Squilla, 

Stomatous.  (G.  stoma.)  Applied  to  the  InfiuoriOf  as  distin- 
guished from  other  Protozoa,  by  the  possession  of  a  mouth. 

Strepsifteba.  (G.  strep?io,  I  twist ;  pteron,  wing.)  An  order 
of  Insecta,  in  which  the  place  of  the  anterior  wings  is  supplied 
by  a  pair  of  twisted  filaments. 

Stbbpsirhika.  (G.  stirephjo;  rhines,  nostrils.)  A  group  of 
Quadrwrnana^  represented  by  the  Aye^tye,  in  which  the  nostrils 
are  twisted  or  curved. 

Strobila.  (G.  strobUos,  a  fiiH»ne.)  The  chain  of  zooids  formed 
by  a  "Scolex/*  and  the  "proglottides,"  which  have  been 
produced  therefrom  by  "gemmation."  The  adult  Tape-wonn 
(TcBwUi), 

SunrRB.  (L.  sw),  I  sew.)  The  line  of  union  or  junction  of  two 
parts.  Applied  to  the  lines  of  junction  of  the  bones  of  the 
VeriebToU  skull ;  or  to  the  lines  formed  by  the  margins  of  the 
"septa"  on  the  external  surface  of  certain  C^ahalopodaus 
shells. 

SwiMMERBTS.  Those  limbs  in  OruOoMa  which  subserve  the 
function  of  natatory  oigans. 

Symphysis.  (G.  sumfhuais,  a  growing  together.)  The  union  of 
two  bones,  between  which  little  or  no  motion  can  take  place — 
e.g,  the  halves  of  the  lower  jaw  in  Mammalia. 

Systole.  (G.  sustello,  I  contract )  The  contraction  of  any  muscu- 
lar chamber  or  cavity,  such  as  the  heart. 

TABTJLiB.  (L.  tdbuia,  a  tabulet.)  Transverse  plates  which  divide 
the  "thecse"  of  certain  corals  horizontally. 

Tactile.     (L.  tango,  I  touch.)    Relating  to  the  sense  of  touch. 

Tania.  (G.  tainia,  a  ribbon.)  A  genus  of  ScoUdda  (Tape- 
worm). 

Tarso-hetatarsus.  The  single  bone  forming  the  leg  of  Birds, 
and  consisting  of  the  united  tarsus  and  metatarsus. 

Tarsus.  (G.  tarsoa,  the  flat  of  the  foot)  The  small  bonea 
forming  the  heel  and  ankle  or  ** instep." 
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Tectibranchiata.     (L.  iectus,  cohered  ;  O.  hragehia,  gills.)    A 

division  of  Oastcropoda,  in  which  the  gills  are  concealed  by  the 

"mantle." 
Teleostei.     (G.  teleioSt  perfect ;   osteon^  bone.)     An  order  of 

Fishes  with  perfectly  ossified  skeletons. 
Telson.     (G.  telaon,  end.)    The  last  segment  in  the  tail  or  abdo- 
men of  Oru^cueti, 
Tbnuibostbes.    (L.  tenuis,  slender;  rostrum,  beak.)    A  division 

of  the  InsessorUU  or  Perching  Birds,  in  which  the  beak  is  of 

slender  conformation. 
Teeoum.     (L.  terffum,  the  back.)    The  npper  or  dorsal  portion  of 

the  segments  of  a  typical  AnntUose  animal. 
Test.    (L.  test<i,  a  shell.)   Applied  to  the  shell  of  EchinodemuUa  ; 

to  the  outer  layer  of  the  Ascidian  "tunic  ;"  and  to  the  shell 

of  ordinary  MoUusea. 
Testis.     (L.  testis,  the  testicle.)    The  organ  in  the  male  animal 

which  produces  the  " spermatic  fluid"  or  "  semen." 
Tetbabbanchiata.     (G.    tetra,    four;   bragchia,  gills.)     An 

order  of  Cephalopoda^  distinguished  by  the  possession  of  four 

gills. 
Thecodont.     (G.  theke,  a  case;  odous,  tooth.)     Having  teeth 

implanted  in  distinct  "  alveoli  "  or  sockets. 
Thecosomata.    (G.  theke  ;  soma,  body.)    An  order  of  Pteropoda, 

distinguished  by  the  possession  of  an  external  shell. 
Thorax.     (G.  thorax,  a  breastplate.)    Applied  in  Vertebrata  to 

the  part  of  the  trunk  above  the  diaphra^n,  and  in  Insects  to  the 

central  part  of  the  body  composed  of  three  segments. 
Thread-Cells.    (See  Cnidji.) 
Thysanvra.     (G.  thusam^,  a  tassel;  owra,  tail)    An  order  of 

Insects. 
Tibia.    (L.  tibia,  a  flute.)    The  "shin-bone,"  or  principal  bone 

of  the  leg,  corresponding  with  the  radius  of  the  pectoral  limb. 
Trachea.     (G.  tracheia,  the  rough  windpipe.)     In  the  higher 

Vertebrata  the  tube  conveying  air  to  Uie  lungs.     In  Insecta 

the  air-tubes    or  breathing-tubes  which  ramify  through  the 

body. 
Trachearia.     a  division  of  Arachnida,  in  which  the  respiration 

is  carried  on  by  means  of  air-tubes  {traehece). 
Trematoda.     (G.  trema,  an  aperture.)    A  group  of  Scolecida. 
Trichina.    (G.  trichinos,  from  thrix,  hair.)    A  minute  Nematoid 

worm,  parasitic  in  human  muscle. 
Trilobita.     (G.  treis,  three;  lobos,  a  lobe.)    A  group  of  Crtts- 

taeea,  represented  solely  by  extinct  forms. 
Trophi.     (G.   trophos,   a  nourisher.)     The  oral   appendages  of 

Insects  which  are  more  immediately  concerned  in  the  prehension 

of  food. 
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TBOFHOSOMKi  (O.  trtpliOf  I  nooruh ;  «mta,  body.)  Applied  to 
the  natritive  elements  of  a  Hydrozoon,  in  contradistinction  to 
the  generative  elements,  which  are  accordingly  denominated  the 
"gonosome." 

TUBICOLA.  (L.  ivba,  a  cylinder ;  ot>Zo,  I  inhabit)  An  order  of 
Annelida  inhabiting  tubes  which  they  themselves  secieteL 

Tunic  ATA.  (L.  tunica^  a  garment.)  A  class  of  MoUusooiJa,  so 
called  from  the  fact  of  the  body  being  enveloped  in  a  chitiuona 
or  homy  "test" 

TURBELLARIA.     (L.  iurba,  a  crowd.)    A  group  of  ScdUdda, 

Ulna.  (O.  oUne,  the  elbow.)  The  outer  of  the  two  bones  of  the 
forearm,  corresponding  to  the  fibula  in  the  pelvic  limb. 

Umbilicus.  (L.  umMZtcu«,  the  navel.)  The  opening  at  the  base 
of  the  columella  of  OcLsUropodcua  shells. 

Umbo.  (L.  umbo^  the  boss  of  a  shield.)  The  beak  or  projection 
on  the  valves  of  LamellibrandiiaU  shells. 

Umbrella.  The  disc  of  many  Ifffdrozoa,  by  the  contraction  and 
expansion  of  which  locomotion  is  effected  through  the  water. 

Unoulata.  (L.  ungtUa,  a  hoof.)  An  order  ot  Mammals,  includ- 
ing the  majority  of  Hoofed  quadrupeds. 

Unilocular.  (L.  unutf  one ;  locultu,  a  little  purse.)  Consist- 
ing of  one  cavity  or  chamber. 

Univalve.  (L.  tmus  ;  valvce,  folding  doors.)  Applied  to  shells 
consisting  of  a  single  piece  or  valve. 

Urodela.  (O.  oura^  tail ;  deloa^  visible.)  An  order  of  Amphi" 
bio,  comprising  those  forms  in  which  the  tail  is  persistent  in  the 
adult  state. 

Vacuoles.  (L.  vacuus,  empty.)  Applied  to  minute  empty  spaces 
seen  in  the  sarcode  of  the  bodies  of  certain  Proioaoa,  but 
especially  in  the  Infusoria,  Caused  by  the  presence  of  food 
particles,  surrounded  by  water. 

Vascular.  (L.  twu,  a  vessel )  Applied  to  the  haemal  or  circu- 
latory system.  A  tissue  or  structure  is  said  to  be  vascular 
when  it  is  richly  supplied  with  bloodvessels. 

Ventral.  (L.  venter,  Uie  belly.)  Belonging  to  the  inferior  aspect 
of  the  body. 

Ventricle.  (L.  diminutive  of  v&tUtT,)  Any  hollow  space,  but 
specially  applied  to  the  larger  chambers  of  the  heart. 

VBRME8.  (L.  vermis,  a  worm.)  Occasionally  employed  to  desig- 
nate the  class  Annelida,  or  to  the  Scoledda  {Echinazoa) 

Vertebra.  (L.  verUre,  to  turn.)  One  of  the  separate  bones  or 
segments  of  the  vertebral  column,  spine,  or  backbone. 

Vertebrata.  (L.  verUrt,  to  turn.)  A  sub-kingdom  of  animals 
distinguished  by  the  possession  of  a  backbone. 


GLOSSARY.  609 

Vesicle.     (L.  vesicay  a  bladder.)    A  small  sac  or  cyst. 
YiBBACULA.      (L.   ikbro,   to  qmyer.)    Applied   to  filamentoos 

appendages  attached  to  many  PolyzocL 
YiBRiONES.     (L.  vibro.)    Applied  to  minute  organisms,  supposed 

to  be  of  y^etable  nature,  found  developed  in  infusions  of  organic 

matter. 
ViPBRiNA.     (L.  vlperOj  a  viper.)    A  sub-order  of  tbe  OpKidia  or 

Snakes. 
VrviPABons.     (L.  vwus^  alive ;  pariOt  I  bring  forth.)    Applied 

to  those  animals  which  bring  forth  their  young  alive. 

XiPHOSTTRA..  (O.  xifhoSy  a  sword ;  oui%  taiL)  An  order  of 
CrasUieea^  represented  by  the  Limuli  or  King  Crabs. 

ZooiD.  (G.  zoSn,  animal;  eitios,  resemblance.)  A  term  applied 
to  the  individual  organisms  produced  by  budding  from  a  parent 
organism,  and  applied  to  such  organisms  whether  connected 
with  the  parent  body,  or  living  a  free  and  separate  existence. 

Zoophyte.  (G.  zo&n. ;  phtUan,  plant)  A  term  popularly  and 
collectively  applied  to  those  animal  forms  which  resemble  plants 
in  shape  or  appearance. 

Ztoapophysts.  (G.  eugan,  a  yoke ;  apophusis,  an  outgrowth.) 
A  name  given  to  the  articulating  processes  of  the  vertebrae  or 
segments  of  the  backbone,  and  by  means  of  which  they  are 
articulated  to  each  other. 


2b 


INDEX. 


Aabdvark,  498 
Abdomen  of  Insectd,  150,  158 
Abdomiwdia  (Fishes),  366 
Alxlominal  pore,  852,  353 
Abdactor  muscles  (Mollusca),  235 
Abomasum,  516 
Abranchiata  (Amielida),  139 
Abranchiaia  (Vertebrata),    827, 

390 
Absorptive  system,  317 
Aca7Uhocep?ialaf  128 
Acanthopter%  367  ;  vtri,  367 
Acarina,  188 
AcaruSf  188 

Aedpenaery  332,  361,  365 
AccipitrinoR,  466 
Acephala  (Mollusca),  241,  242 
Acetabula,  277 
Achetina,  171 
Adneta,  51,  53,  54 
Acorn  Shells,  195,  198 
Actinia,  75,  76,  78 
Aetinidot,  78 
Aciiiwphrya,  38 
Actinoeoma,  78 
Aciinozoa,  57  ;  general  characters 

of,  75  ;  classification  of,  77,  95 
Acnlens,  178 
Addactor  muscles  (Mollusca),  235, 

244 
JSolicUB,  265 
Agassiz,  331 
Age  of  Brachiopods,  239 
Ai,496 
Air  bladder  of  Fishes,  344 


Air  cells  of  Birds,  447,  448 

AleedinidcSf  465 

Alces,  519 

Alcidae,  455 

Aleyonaria,  88 

Alq/anidcBi  88 

Alcyoniurrif  88 

Algoe,  5 

AllaiUms,  329,  390 

Alligator,  421 

Allman,  22,  219,  227,  465 

Alpaca,  518 

Alternation  of    generations,    64, 

72,  232 
Alula,  429,  437 
Alveolus,  281,  393,  474 
Ambergris,  507 
Ambulacra,  102,  106 
Ambulacral  system,  98,  99,  102, 

105;  areas,  100 
AmeividcBf  413 
Ametabolic   Inseetct,    162,    166, 

167 

Ammodytes,  366 

Ammonite,  295,  296 

Amm^cmitidcB,  295,  296,  297 

Amnion,  329,  390 

AmoBba,  14,  30,  31,  34,  36,  37 

Amcd)eii,  37 

Amphibia,  blood  corpuscles  of, 
318,  319  ;  characters  of,  370  ; 
circulation  in,  376  ;  dassifica* 
tion  of,  881  ;  endo^keleton 
of;  373  ;  respiration  of;  377  ; 
metamorphoeis  of,  379 , 
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Amphieeelous  vertebne,  838,  873, 
392,  417 

AmphicoBliOf  421 

Amjpkioxua^  306,  320,  888,  360 

Amphipoda,  195,  204 

Amphisbcenidee,  412 

AmphiumOf  884 

Anaeanthini,  866 

Anal  fin,  338 

Analogy,  21 

Anarthrapoda,  135,  136  ;  classi- 
fication of,  136 

Anatidce,  458,  455 

Anatomy,  10,  11 

Ancyloceras,  297 

Anguia,  412 

Animals  and  Plants,  differences 
between,  5 

Annelida,  136 ;  classification  of^ 
139 

Annuloida,  19,  97 

AnnuloaOf  characters  o^  19,  138, 
134  ;  classification  of,  135,  214 

AnomurOf  212 

Anoploiherium,  512 

Anoplura,  168 

Anoura,  381,  385 

Anserifvo^  455 

Ant-eaters,  495,  496,  497,'498 

Antelopes,  520 

AnUnnie,  144, 148, 151 

Antennnles,  211 

Anthrqpomorpka,  567 

AfUhrcpoidea,  562 

Anthropoid  Apes,  567,  568 

AfUhropidcBf  562 

AfUihpida,  520 

AniipcUhidcf,  87 

Antlers,  518 

Antlia,  154,  155 

Antocolar  membrane,  395,  412 

Ants,  178, 179 

Apes,  563,  566 

AvhaniptiBra,  174 

Aphides,  169,  170 

Aphrodiia,  145 


Apkroditidoe,  145 

Apical  canals,  94 

ApidtP,  178 

Aplacenlalia,^  481 

AplysiadcB,  264 

Apoda  (Fishes),  866  (Amphibia), 
882 

Appendicular  elements  of  skele- 
ton, 806 

Apf^ra,  157,  166,  167 

Apterygidm,  458 

Apteryx,  456,  457,  458 

Arachnida,  147,  148,  182; 
dassification  of,  187 

Araneina,  191 

ArchcBopteryx,  466 

Arclisca,  188 

Aretomys,  550 

Ardeidce,  456 

Arenicola,  Hi  ^ 

Arenicolida^  144 

^iTonattto,  275,7  r279,  290  ; 
bectocotylus  of,  287,  288,  292 

Arycnautidoe,  290 

ArgyrofieUi,  193 

Aristotle's  Lantern,  104 

ArmadiUos,  495,  496 

Arterial  bulb  of  Fishes,  842,  358. 
868 

Arteries,  322 

Arthrogastra,  189 

AiihropodOj  135, 146  ;  classifica- 
tion of,  147 

AHiculata,  19,  117,  133 

Artiodactyla,  511 

Aicaria,  127 

Aacidia^  225 

AacidiadoR,  280 

Asddians,  230 

AsinuSf  526 

Aaiphmida,  258 

Asses,  526 

Aatacidce,  212 

AsUrmdea,  108! 

Astomata  (Protoioa),  81 

Aatrmdm,  88; 
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AteleSf  566 

AtoU,  84 

Atrial  chamber,  228 

Atrial  sjBtem,  237 

Auchenia,  518 

Anka,  456 

Auricle  of  heart  (Vertebrata),  820 

AiUaphagi,  451,  460 

Aves,  426  ;  general  characters  of, 
426  ;  feathers  of,  427  ;  skele- 
ton of,  430  ;  digestive  system 
of,  440  ;  respiratory  system  of, 
446  ;  nervous  system  of,  449  ; 
classification  of,  451 

Aves  errcUicif  460 

Aves  marunieSf  450 

Aves  migratoreSf  450 

AviculariOj  222 

Axial  elements  of  skeleton,  306, 
307 

AzolotI,  372,  383 

Aye-Aye,  564 

Baboon,  566 
BabyruBsa  Hog,  512 
Bactrian  Came^  518 
Baeulites,  297 
Badgers,  640      • 
BcUoetM^  506 
BaUenida,  502,  504,  506 
BcUcenoptera,  607 
Balancers,  174 
BalanidoRy  196,  198 
BcUanus,  198 
Baleen,  502 
BalisticUe,  867 
Banded  Ant-eaters,  492 
Bandicoots,  492 
Barnacles,  195,  196,  198 
Barrier  Beefe,  84 
Bastard-wing,  429,  437 
Baiides,  361 
Balraehia,  385 
Bats,  654,  656,  657,  658 
Bears,  639,  640 
Bear«nimalcule,  188 


Beavers,  548 

Bees,  178,  179 

Bee-parasite,  180 

Bdemniies,  281,  293 

BeUmniticUB,  281,  293 

Belly-footed  Molluscs,  254 

Bicuspid  teeth,  476 

Bilateral  symmetry,  22 

Bimana,  668 

Binomial  system,  27 

Biology,  2,  10 

Birds.    (See  Aves,) 

Bird  lice,  168 

Birds  of  Prey,  466 

Birds' -head  processe.4,  222 

Bison,  521 

Bivalve  shells,  234,  241,  242 

Blackbirds,  464 

Blastoidea,  114 

BlaUina,  171 

Blood-corpuscles  of  Vertebrata, 
318,  319 

Boas,  409 

BaieUs,  409 

BombyXf  177 

BonasuSf  521 

Bony  Pike,  361,  364 

Book  Scorpion,  191 

BotfyllidoB,  230 

BoCryllus,  231 

Bovida,  521 

Braehiopodaf  219,  233 ;  general 
characters,  234  ;  shell  of,  234, 
235 ;  arms  of,  236  ;  dassifica- 
tion  of,  238 ;  distribution  of, 
238  ;  summary  of  structure  of, 
240 

BrachyuTOf  213 

BradypodidoRf  495 

BradypuSf  496 

Branchial  arches  or  clefts  ( VerU' 
brata),  304 

BranchiflJ  arches  of  Fishes,  344 

Branchial  ganglion,  217 

Branchial  heuts  {Cephalopoda}, 
284 
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Branchial  sac  {Tunieata),  227 

Branchiata  {Annelida),  139, 1 42 

Branch  iota  (GcLsterojtoda),  261 

Branchiata  { VerUimUa),  827 

Branchi/era,  268 

Branchiopoda,  195,  198 

Branch-homed  Water-Flea,  199 

Breviiinffuia^  411 

BrempennatcR,  465 

Bnttle-stars,  109,  111 

Bruta,  494 

Bubaltu,  521 

Bubble-sheUn,  265 

Budding,  51,  61,  223 

Buccinidctf  264 

Buccinum,  265 

Buffalo,  521 

Bu/anidce,  886 

fu/friM  Arteriosus,  842, 358, 863 

BullinidcB,  264 

Bastards,  456 

Butterflies,  175,  176 

'*  Butterflies  of  the  Sea,"  269 

Byssus,  248 

Cachalot,  507 
Cadudbranchiata,  378,  884 
Cteca  of  intestine,  340 
QBeaia,  381,  382 
Caiman,  421 
Calamaries,  275,  292 
Calice,  81 
CaltfcophcridoR,  68 
Calymene,  200 
Calyx,  52,  112 
CdnulidtK,  517 
Camelopard,  519 
OameU^rdalid(Ej  519 
Camels,  517,  518 
Camelus,  518 
Oaneerida^  214 
OanidiB,  541 
Canine  teeth,  476 
Cape-Badger,  524 
Capillaries,  822,  323 
Oapra,  621 


CapreoltiSf  519 

Caprimulgidee,  465 

Capuchin  Monkeys,  565 

OapybarOf  547 

Carapace  of  Crustacea^  201,  205  ; 
of  Chelonia,  397,  399 

CSareharias,  357 

CardiadoRy  253 

Oarinaria,  265,  266 

Cartnoto,  452 

C%init«oni,  532 

Carnivorous  {Gasteropoda),  256  ; 
{Marsupialia),  492 

Carp,  366 

Carpus,  315 

Carriage-spring  apparatus,  236 

Cassowary,  456,  458 

Oasiar,  548 

Castaridof,  548 

OasuariuSf  458 

CiitorAtiia,  566 

Oaiod(mtidai,  507 

Cats,  542 

Caudal  Vertebne,  812 

Caudal  fins,  338 

Cave  Bear,  540 

Cave  Hyasna,  542 

Oavia,  547 

Cavicomia,  520 

Cavidx,  547 

Cavies,  547 

Cebidae,  565 

Cebus,  565 

Cell,  32 

Cellulose,  6,  226 

Cement,  475 

Centipedes,  148,  149 

Centrum,  307,  309 

Cephalic  ganglion,  211 

Cephalaspis,  365 

Cq>halophara,  242,  254 

CepfuUopoda,  219,  273 ;  classifi- 
cation of,  289,  298  ;  ink-sac  of, 
283  ;  locomotion  of,  278  ;  shell 
of,  275, 279 ;  tentacles  of,  276  ; 
palaeontology  of,  297 
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Cephalothorax,  148,  182, 194 

CercUites,  296 

Cercarugf  126 

OercokUfeSf  548 

Cercoleptes,  640 

Cerebral  ganglion,  217,  251,  262 

Cerebrum,  325,  480 

Cerebellnm,  325,  480 

Cerebro-spinal  nervous  axis.  802, 
825 

Oerthida,  464 

Cervical  vertebne,  312,  470 

Cervida,  518 

Cervus,  519 

CestrouAon,  360 

Cestraphori,  360 

Cestum  veneris,  92,  93,  95 

Oetaeea,  501 

CeHoaauruSf  421 

Chaillu,  568 

Chain-Salpa,  282 

Chameleon,  414 

ChamcBleontidce,  414 

Chamois,  620 

CTieiromydcB,  564 

Cheiramya,  564 

Cheiroptera,  554 

C%«tro^Amu7n,  388 

ChelK,  190 

ChelicersB,  190 

Chelifer,  191 

CheUmia,  397 ;  endoskeleton  of, 
401  ;  carapace  of,  397  ;  classi- 
fication of,  402 

Chelone,  403 

ChUognatha,  149 

ChUo^^oda,  149 

ChirMra,  360 

Chimpanzee,  567 

Chirotea,  412 

Chitons,  254,  264 

ChiUmidce,  264 

Chlorophyll,  6 

Chorda  dorsalis.   (See  Notochord.) 

Chromotophora,  276,  415 

Chrysalis,  162 


ChrysochloruSf  552 

Chylaqueous  fluid,  138 

Chyle,  317,  818 

Chylific  stomach,  159 

Chyme,  316 

Cicada,  169 

OiconifUB,  456 

Oidaris,  108 

Cilia,  5,  31,  44,  47,  56 

OiliatcL,  51 

Circulation  in  sponges,  43 

Circulation  in  Vertebrata,  320 

arrhus,  137, 196,  236 

Cirripedia,  195 

Cirrostomi,  349,  351 

Civets,  543 

Clam-shells,  253 

Claspers  of  Fishes,  359 

Class,  24,  26 

Classification,  system  of,  23 

ClavellimdcB,  230 

Qavicle,  314 

Cleft-tongued  Lizards,  411 

Cleodiyra,  272 

Clio,  271,  272 

Clitellum,  141 

Cloaca,  159,  160,  184,  325,  369, 
394,  444,  484 

Clothes-moth,  177 

ClupeidcB,  366 

Clypeastfidce,  108 

Cnidse,  56,  59 

Coati,  540 

Cobra  di  Capello,  410 

Coccus,  169 

Coccyx,  471 

Cochineal  insect,  169 

Cockles,  253 

Cockroaches,  171 

Cod,  366 

OceUnteratcL,  17, 18,  55  ;  charac- 
ters of,  18,  65 ;  classification  of, 
57,95 

Coenenchyma,  81,  82 

Coenoecium,  220 

Coenosarc,  66,  68 
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Oolsoptera,  180 

Collar  of  MoUusca,  256 

Colobtu,  666 

Colonial  nervous  system,  223 

Coluber,  40P 

ColossochclySf  408 

Goluhrina,  407,  409 

Ooluinba,  460 

Columbacei,  460 

OolwrnbicUXf  460 

Columella,  81,  255 

ChlymbidoR,  455 

GomcUula,  112,  114 

Complementary  males,  197 

Complete    metamorphosis^    162, 

174 
Compound  Ascidians,  230 
OompaogncUkuSf  423 
Conchifera,  242 
Condyles,  371,  374,  469 
Oonirostrea,  464 
Contractile  resides,  86,  49 
Cone  shells,  264 
Coney,  522,  523 
Conidce,  264 
Conical  appendages  of  Pterppoda, 

269,  270 
Coots,  456 
Coracoid  bones,  314 
Corrallite,  81 
Condlium,  91 
Corallum,  79 
Coral,  79 

Coral  reefs,  83  ;  formation  of,  84 
Cordylophora,  63,  67 
Corpus  callosum,  480,  491 
Correlation  function  of,  10,  12 
Cortical  layer,  47 
Otfrvidce,  464 
OoryiUeUi,  67 ;  development  of, 

63 
Cotumix,  460 
Coypu,  549 
Cowries,  264 
Cows' -paps,  88  « 

Crabs,  213,  214 


Cranes,  456 

Crane-Flies,  176 

Orangonidc%  212 

Grania,  238 

OraniacUz,  238 

Craspeda,  77 

Cray-fish,  212 

Creepers,  464 

CVicket,  171 

Orinoidea^  111 

Orisiatdla^  224 

Oroeodilia,  397,  416;  classifica- 
tion of,  420 

Crocodiles,  420 

Crocodilus,  420,  421 

Crop  of  Inseda,  158  ;  of  Birdf^ 
442 

Cfrotalidcc,  408 

CroWn-animalcule,  130 

Crows,  464 

Cfnutacea,  147,  148,  194  ;  classi- 
fication of,  195  ;  shell  of,  195 

Ctenocyst,  94 

Ctenoid  scales,  332 

Ctenophora,  92 

Ctenophoral  canals,  94 

Ctenophores,  92,  93 

Cuckoo,  462 

Ouculidce,  462 

OulicidcCf  174 

Oursores,  453,  456 

Cursorial  Orthaplera^  171 

Cuticle  of  Infusoria^  47 

Cuttle-Bone,  275,  280 

Cuttle-Fishes.  (^Cephalopoda.) 

Cyclical  change,  8 

Cycloid  scales,  331 

Oyclolabridoe,  367 

GydopB,  195, 198 

OydosUymij  353 

OyclostomidiB^  267 

Oydippey  95 

OynipidoRf  178 

Cynocephalus,  566 

Oynomorpha^  566 

CyTUhia,  280 
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Oypr<Bidce,  264 
C^mnidcB,  366 
Cypsdidae,  465 
Cyst,  88 

Cystic  Worms,  123, 125 
C^siieeretis,  125 
0jf8t<ndea,  114 

Dama,  519 

Daphnia,  195,  199 

Darwin's  theory  of  Coral  Reefs,  84 

JDasypodidiB,  495,  496 

Ikunfures,  492 

DasyuridcBf  492 

"Dead-man's  finger"  polype,  88 

Death's-head  Moth,  175 

De  Blainville,  480 

Deeapoda,  195,  205  ;  classifica- 
tion of,  212 

Deeapoda  [Cephcdopoda),  290, 
292 

Deer,  518 

Delphinidct,  508 

DdphinuSf  508 

Demodex,  188 

Dental  formula,  477,    78 

JDefUalidce,  264 

Dentine,  474 

I>eiUirtutre8,  464 

Development,  10,  11 

Deztral  shells,  255 

Diaphragm,  262,  469,  479 

Diapophyses,  809 

Diastema,  546,  561,  560 

XHln-anchiata,  289,  290 

JXcotyles,  512 

Dicynodontict,  423 

Diddphia^  490 

DidelphidiE,  492 

Diddphys,  492 

DididcByi^O 

DidymograpsuSf  74 

Difference  between  Animals  and 
Plants,  6 

Differences  between  Oiiganic  and 
Inorganic  bodies,  2 


DiffUigrada^  585,  541 

DimyariOy  245 

IXnomis,  458 

Dinotheriumj  529 

Diphyes,  69 

Diphyodont  Mammalia,  474 

Diplograpsus,  74 

Z>t>n(n,  349,  867 

Dipodidcs,  549 

IHptera,  174 

DipteniSy  364,  365 

DipuSf  549 

Dixophora  (Annelida),  139 

Dissepiments,  81 

Distal,  58 

IHstoma,  125 ;   development  of, 

126 
Distribution,  10,  18 
Diurnal    (Z«pi(foptom),    176 ; 

{Jiaptiyres),  466 
Divers,  455 
Divisions  of  Natural  Science,  1 ; 

Biological  Science,  10 
£k)do,  460,  461 
Dogs,  541 
Dog-Fishes,  861 
Dolphins,  508 
Dorido^  265 
Doris,  265 
Dormice,  549,  550 
Dorsal  fins  of  Fishes,  338 
Dorsal  oar,  137 
Dorsal  VertebrtB,  312 
Doves,  460 
Down,  428 

Draco  Volans,  418,  425 
Dragon-Flies,  172 
Dromaiua,  458 
Dromedary,  518 
Drones,  179 

Duck-billed  Water-Mole,  484 
Ducks,  458,  455 
Dugong,  500 
DynaaUs  Hercules,  181 
Dytiseua,  181 
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Eagles,  466 

Earthworm,  136 

Earwigs,  171 

Ecderon,  80 

Eodysis,  163 

Echidna,  485,  487 

EchinodermatOy  98 ;  dassiflca- 
tion  of,  108 

Echinoidecu,  108 

Echiiwrhynchus,  127,  128 

Echinozoa,  18,  97,  98  ;  classi- 
fication of,  98,  181 

Echinus,  98, 100,  103,  108 

EcthorsBum,  59 

Ectocyst,  220 

Ectoderm,  56 

EdentcUOy  494 

Edriophthalmiii,  202, 203 

Eels,  866 

Ehrenberg's  experiments,  35,  49 

Elasmobranchii,  349,  356 

Element  of  form,  22 

Electrical  OTf^ojiB  of  Fishes,  347 

Elephants,  529 

Elqihas,  529 

Elk,  519 

Elytra,  167,  171,  180 

Emeu,  456,  458 

Emydea,  402 

Enamel,  475 

EncephaJa,  242 

Encephalon,  325 

Encrinites,  114 

Endocyst,  221 

Endoderm,  56,  221 

Endopodite,  207 

EndoKkeleton,  306, 307, 333,  378, 
430,  470 

EnUmiofhagoua  Edentata,  495, 
496 

EnUmuyatraea,  195,  198 

EnUnoa,  117 

Eozoon,  41 

Epeira,  192 

Ephemeridce,  172 

Ephyra,  73,  74 


Epipodite,  208,  209 

Epistome,  224 

Equidoe,  526 

Equus,  526 

Equivalve  shells,  242 

Erethizon,  548 

Erinactidoe,  552 

Erinaceus,  552 

Ermine,  544 

Erraniia,  139,  143 

Eaocidae,  Z6e 

Euelephas,  529 

Eureta,  402 

Eurypterida,  202 

Eurypterus,  202 

Evagination,  221 

Exhalent  syphon,  251 

Exopodite,  206 

Exoskeleton  (of  Crustacea),  146, 

205  ;  (of  FerUbrata),  306,  397, 

416 
Eyes  of  Inaeeta,  152 

FALC0NIDJ3,  466 
Falcons,  466 
False  molars,  476 
Fallow  Deer,  519 
Family,  24,  26 
Feathers,  427 
Feather  star,  112 
Felidoe,  541 
Femur,  156,  315 
Fiber,  548 
Fibula,  315 
Filaria,  127 
File  Fishes,  367 
Finches,  464 
Finner-Whales,  507 
Fishea     (See  Pisces.) 
Fissilinguia,  411 
Fission,  37,  50 
Fisairostres,  465 
Flabella,  210 
Flagellatay  51,  52 
Flat  Fishes,   330,  866 
Fleas,  174 
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Flies,  174 

Flukes,  125 

Flustra,  6,  15,  219,  220,  224 

Fly-catchers,  464 

Flying-Dragon,  413,  425 

Flying-Lemur,  551,  553 

Rying-Squirrel,  650 

Foofl  of  animals  and  plants,  7 

Food  vacuoles,  36,  49 

Foot  (of  Mollusca),  248,  254,  256 

Foot-jaws  (of  Crustacea),  208 

Foot-tubercles,  137 

Foraminiferii,^^  ;  shell  of,  38, 39 

Forficulijia,  171 

FormicidoR,  178    • 

Fowls,  460 

Foxes,  541 

Fox-Bats,  556 

FraterciUicUB,  455 

Fresh  Water  Mussels,  253 

Fresh  Water  Shrimp,  204 

Fringing-Reef,  84 

Frigate-Bird,  455 

Fringillidct,  464 

Frogs,    386 ;   metamorphosis  of, 

379 
Fulcra,  362 
Fuliea,  456 

Function,  specialisation  of,  14 
Funiculus,  223 
Funnel  of  Cephalopoda,  273,  278, 

283 
Furculum,  435,  485 
Furrowed  Whales,  507 

Gadidib,  366 

Oaleopitheeua,  551,  553 

OcUeopUheeidcBf  551,  553 

Oallinaeeh  458,  460 

Gall-flies,  178,  179 

OaUus,  460 

Oammarus,  204 

OangUon,  94,  105,  134,  211,  217 

Ganglionic    nervous     system    of 

Vertebrata,  302,  825 
Ganoid  scales,  332 


Oanaidei,  349,  361 

Gapers,  253 

Garden-Spider.  192 

Gasteropoda,  219,  264  ;  shell  of, 
254  ;  tongue  of,  258 ;  classifi- 
cation of,  263 

Gastric  juice,  316 

Gavial,  420 

Oamalis,  420 

OecarcinidoSf  214 

Geckos,  413 

Oeckotidce,  413 

Geese,  455 

Gemmation,  51,  61,  223 

Gemmules,  45 

Generation,  spontaneous,  46 

Generations,  alternation  of,  64, 
72,232 

Genette,  548 

Grenus,  25 

Oeocores,  170 

Geographical  distribution,  10, 13 

Geological  distribution,  10,  13 

Oephyrett^  136 

Germ  theory,  46,  47 

Germs,  5,  47 

Gibbon,  567 

Giraffe,  519 

Gizzard  (of  Inateta),  158 ;  (of 
Avea),  442,  443 

Gladius,  280 

Glass  Zoophytes,  87 

Globe-Fishes,  367 

Glutton,  541 

Olypiodon,  499 

Gnats,  174 

Goats,  520,  521 

Goat-Suckers,  465 

Gk>lden  Mole,  552 

Goniatites,  296 

Gonophores,  62 

Gonosome,  66 

OordiaceOf  128 

Gordius,  127,  128 

Gorgonia,  91 

Gorgcnida,  83,  91 
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Chrilla,  567 
Oouridie^  460 

00886,248 

Orallaiares,  458,  456 
Oraptolida,  74 
Oraptolitea^  74 
Onuahoppen,  171 
Great  Seal,  539 
Orabe,  454 

Oreenland  Whale,  506 
Oregarirm,  81,  82 ;  deTelopment 

of,  82 
Oregarinida,  81 
Green  Lizard,  412 
Green  Turtle,  403 
Groimd-PigeonB,  460 
Grouse,  460 
Oruidce,  456 
Gryllina,  171 

Guard  of  Belemniiie  shell,  281 
Guinea-Pig,  547 
Guinea-Worm,  127 
Gulls,  453,  455 
Ghdo,  541 

OymnocUmiidce,  867 
Oymnolijcmata,  224 
Cfymnotus,  366 
Oymnophiona,  381 
Oymnoaomatck,  272 

KSXAL  arches  of  Vertehrata,808 
Hiemal  flexure  of  Intestine,  228, 

259,  263 
Hamapophyses,  308 
Hsmal  jspines,  308 
ffcemopsis,  141 
Hag-fishes,  858 
Hairs,  470 

Hair-worms,  127, 128 
ffalicore,  500 
Halteres,  157,  174 
Hanno,  568 
SapalidtB,  565 
Hares,  547 
Harmless  Snakes,  409 
Harp  Seal,  539 


Harvest  Spiders,  191 
Hawks,  466 
Hawk's  bill  Turtle,  408 
Head-footed  Molluscs,  278 
Hectocotylus,  287,  288,  292 
Hedgehog,  552 
Helicidai,  267 

Hemimetabola,  162, 165, 169 
Hemiptera,  169 
Hercules  Beetle,  181 
Hermit  Crabs,  212 
Herons,  456 
fferpesUs^  548 
Heterocercal  tails,  339 
SeteroganglicUa^  217 
Heterogeny,  46 
ffetercphagi,  451 
HeUropoda,  263,  265 
Heteroptera^  169,  170 
HippoeamjkdfBy  367 
Hippoerepia,  224 
ffippopotamicUjBf  612 
HippopotamtiSy  512 
Hiradinia^  139 
ffirudo,  139 
ffirundinidoBy  465 
Hog,  612 
Holocephali,  360 
Holametabola,  162 
ffolostomatOf  264 
Holostomatons  shells,  256 
ffolothuria,  115 
ffolothuroicUctf  115 
HomalopsidiB,  409 
MomaruSf  195 
HofnOj  568 
Homocercal  tails,  339 
HomogangUaiUif  185 
Homology,  21 
Homology  of  vertebral  column, 

308,  809,  310,  311 
Homoplera^  169 
Honey-comb  stomach,  515 
Honey-eating  Badger,  541 
Hooded  Snake,  410 
Hoopoes,  464 
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Horses,  526 
Horse-shoe  Bats,  658 
Howling  Monlceys,  565 
Humerus,  814 
Humming-Birds,  464 
Huxley, 30, 223,  229,827,371,400 
Hycena,  542 
ffyaenidcBt  542 
HycUim,  270,  272 
ffyalonemadoRf  87 
ffifdatinaf  130 
Hydra,  15,  p8,  59,  67 
Hydra  tuba,  72 
HydridcB,  67 
Hydroehoerus^  547 
Eydrocores,  170 
ffydraphidcB,  410 
Hydrorhiza,  60,  66 
Hydrosoma,  66 
Hydrothec«,  6Q,  68 
Hydrozoa,   57  ;  reproduction  of, 

61,   62,  63;  classification  of, 

65,  66,  95 
Hylides,  386 
Hylohates,  567 
Hymenopterct,  177 
ffynuoidea,  522 
Eyrax,  522,  523,  524 
Hyslricidciy  547 
Hystrix,  548 

IBISE8,  456 

JeAn^umon,  548 
lehihyodorulites,  860 
lehthyomorpka,  382 
Ichthyopnda,  328,  329,  870 
Ichthyoaauria,  422 
Ideal  typical  vertebra,  809 
Igttana,  418 
IgwmidfB,  413 
IguanodoTi,  423 
Imago,  162, 164 
ImplaeaUalia,  481,  483 
Incisor  teeth,  476 
Incomplete  metamorphosis,  165, 
169 


Individual,  65,  232 

Infra-cBsophageal  ganglion,  211, 
217 

Infundibulum,  93,  273,  283 

In/undibukUa,  224 

Infuaoria,  81,  45 ;  classification 
of,  51  ;  reproduction  of,  50 

/nto,  509 

Ink-sac  of  Cephalopoda,  283 

Ingluvies,  158,  442 

Innervation,  function  of,  10,  12 

Innocua^  409 

Innominate  bone,  315 

TnopercukUa,  267 

Inorganic  bodies,  2  ;  form  of,  2  ; 
chemical  composition  of,  2 ; 
structure  of,  2  ;  mode  of  in- 
crease of,  2 ;  cyclical  change 
of,  8 

Inorganic  series,  2 

Inseeta,  147,  150 ;  digestive 
system  of,  158  ;  nervous  system 
0^  161  ;  metamorphosis  of, 
162 ;  respiratory  system  of, 
160  ;  classification  of,  167 

Inaeeiivora,  551 

Insessores,  453,  462 

iTUegro-pallialia,  247,  258 

Intemmbulacral  areas,  100 

Interspinous  bones  of  Fishes,  835 

Irish  Elk,  519 

Irritability,  function  of,  10,  12 

/m,  82,  90,  91 

laopoda,  195,  202 

lulida^  148, 149 

Iulu9,  149 

Ixod^  189 

Jaokalb,  541 

Jaws  of  Vertebrata,  305 

Jays,  464 

Jelly-Fishes,  70 

Jerboas,  549 

Jones,  Rhymer,  25 

KiVCUBOOb  488,  492 
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Keratode,  42 

Kidneys,  824 

King-crabs,  195,  201 

Kingfishers,  465 

"  King  of  the  Herrings,"  860 

KinkajouSf  540 

Kites,  466 

Labial  palpi,  153 

Labium,  153,  154,  208 

Labrum,  153,  154,  208 

Lahyrviiihodontia^  381,  887 

Ldcerta,  412 

LacertidcB,  412 

Lacertilia,  897,  410;  characters 

of,  410  ;  classification  of,  412 
Lacteal  system,  318 
Lagena,  40 
Lagoon-reefs,  84 
LagopuSy  460 
LameliibraTickiatay    219,    242  ; 

shell  of,  242  ;  classification  of, 

252 
Lamprey,  333,  353,  356 
Lamp-shells,  236 
Lancelet,  306,  320,  333,  849, 850 
Land-bngs,  170 
Land-crabs,  214 
Land-Newts,  384,  885 
Land-Salamanders,  385 
Lantern  of  Aristotle,  104 
LaniidcBf  464 
LaridcBj  453,  455 
Larks,  464 
Larva,  162,  163,  164 
Lateral  lines  of  Fishes,  347 
Leaf-rolling  Caterpillar,  177 
Leathery  Turtle,  403 
Leeches,  141 
Lemmings,  649 
Lemurs,  562,  568 
Lemuridc^  562,  563 
Lemuroideet,  562 
Leopard,  542 
LepadidcR,  195,  198 
Lepas,  195,  198 


Lepidogancideiy  364 

LepidoptaUf  175 

Lepidosiren,  367 

Lipidasteus,  332,  861,  363,  364 

Leporidas,  547 

L^tocardia.       (See     Pharyngo- 

branchii.) 
Lepus,  547 
Libellula,  172 
Libellulidce,  172,  173 
Lice,  168 
Life,  nature  of,  3,  4,  fi^;  physical 

basis  of,  3,  30  ;  definitions  of,  4 
Ligamentum  nuchae,  471 
Lily-Stars,  114 
LimacideBf  267 

Limbs  of  Vertebrata,  304,  314 
lAmnoBidoRf  267 
Limpet,  264 
Limulus,  195,  201 
Ling,  838,  366 
Lingual  ribbon  of  Gasteropoda, 

258 
LingiuUulctf  187 
LingtuUtUina^  187 
Lingular  239 
LingiUidcB,  239 
Linnets,  464 
Lion,  541 
Liticrina,  257 
LiUorinidije,  264 
Liver-fluke,  125 
Lizards,  410,  412 
Llamas,  518 
Lobster,  196,  205,  212; 
Lob-worm,  144,  145     ^ 
Locust,  171 
Locustina,  171 
Locust  Shrimp,  195,  204 
Loggerhead  Turtle,  403 
Loligo,  275 
LongipennatcSy  455 
Lopiiobranehii,  367 
Lophophore,  221 
Loricata  (ReptUia),  891 ;  (Eden- 

tcUa),  496 
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Lories,  564 
Loosook,  509 
LoxodoUf  529 
Lucemaria^  70,  71 
LucemaridcB,  70,  71 
Lumbar  yertebrss,  812 
LunUnicuSf  136,  141 
LutrcL,  544 

Maeaeus,  566 

Macaques,  566 

Mackerel,  367 

MacrobioluSf  188 

Macropodidct,  492 

Macrospomdylus,  421 

Macrura,  212 

MadreporidcR,  83 

Madreporiform  tubercle,  100, 
105 

Ifaggotfl,  175 

Magpies,  464 

MaidoB,  214 

MalacodermcUOj  78 

MalacapUri,  366 

MaXlvj^Mga^  168 

MamTnalia,  328  ;  general  char- 
acters of,  468,  469  ;  blood -cor- 
puscles of,  318,  819  ;  teeth  of, 
474  ;  circulation  in,  320  ; 
skeleton  of,  470,  471,  473; 
digestive  system  of,  473  ;  ner- 
vous system  of,  479  ;  reproduc- 
tion of,  480  ;  classification  of, 
480,  482, -572 

Mammary  glands,  468 

Mammoth,  530 

Man,  562,  568  ;  anatomical  char- 
acteristics of,  568,  569  ;  brain 
of,  569  ;  palaeontology  of,  570 

Man-like  Apes,  567 

Manatee,  500 

MaruUuSj  500 

Mandibles,  153,  154 

Manidce,  498 

MandriUs,  567 

Mantle    of   MoHuacOr    216;    of 


Tunicatctj  226 ;  of  Brachio- 
poddy  235 ;  of  Lamellibran- 
chicUaf  245  ;  of  Oasteropoday 
255 ;  of  Cephalopoda,  273, 
279 

Manyplies,  515 

Mare's  Tail  coral,  82,  91 

Marginal  plates  of  OulonijOy  400 

Marmosets,  565 

Marmots,  550 

Afarsipobranchii,  349,  353 

Manh-Tortoises,  402 

Marsupial  bones,  486,  489 

Marsupialia,  487 ;  classification 
of,  492 

Marsupium,  486,  488,  489 

Mason-spiders,  192 

Mastodon,  531 

MaxillsB,  153,  154 

Maxillary  palpi,  153,  183 

Maxillipedes,  208 

May-flies,  172,  173 

McaTidrina,  83 

Median  fins  of  Fishes,  886,  338 

Medu8id€B,  70 

Megaceros,  519 

Megalopa^  212 

dfegaloaaurus,  423 

Afegaptera,  507 

MegcUhenum,  499 

Meleagris,  460 

Meles,  541 

Melida:,  540 

Mellivora,  541' 

MenobranefiuSy  384 

Menopoma,  384 

Mephitis,  544 

Merosome,  22 

Merostomata,  201 

Merulidce,  464 

Mesenteries  of  Actinozoa,  57,  76 

Mesothoraz,  150,  156 

Metacarpus,  315 

Metamorphosis  of  Amphibia,  379 ; 
of  Insecta,  162 ;  of  Cfrusiaeea, 
211. 
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MetatarsuB,  815 

Metathorax,  150, 157 

Mice,  549 

Microlestes,  493 

Migratioii  of  Birds,  450 

Milk-teeth,  474 

MUUpedes,  148,  149 

Mites,  188 

Molar  teeth,  476 

Moles,  551 

MoUusoa,  19,  216  ;  general  char- 
acters of,  216,  217 ;  shell  of, 
216,  241,  242;  daasification 
of,  218,  298 

Mollusea  proper,  218,  241  ; 
classification  of,  242 

Molluseoida,  218,  219  ;  classifica- 
tion of,  218 

Monitors,  418 

Monkeys,  560 

Monodelphiay  572 

Afonodon,  508 

Mon&myaria,  245 

Monophyodont  Mammalia,  474 

Mondhalamia,  39 

MonotrematcLy  483 

Morphological  types,  14,  17 

Morphology,  10,  11,  12 

Morse,  537 

MoaehidcB,  518 

Moachus,  319,  518 

Moths,  175,  176 

Months  of  Tnsecta,  152 

Mud-fish,  367,  868 

Mud-tortoises,  402 

MugUidoRy  367 

Mullet,  367 

Multivalve  shells,  196,  241,  254 

MuUwn^juiOf  522 

MwroBnidiKj  866 

MurieidiEf  264 

MuridiB,  549 

Mus,  549 

Muacieapida,  464 

Mtuada,  174 

Hosk-deer,  819,  618 


Mussels,  253 

Musquash,  548 

MusUla,  544 

MusUlidx,  543 

MyaaicUzj  253 

Mycetcs,  565 

Myelon,  325 

Afygale,  192 

Mylodan,  499 

MyoeUs,  549 

Myopotamua,  549 

Myixeidoi,  549 

Myoxus,  550 

MyriapodOy  147, 148 

MyrtneeobiicUKf  492 

MyrmecophagiddE^     495,     496, 

497 
Mytilidce,  253 
Myxine,  353,  356 
Afyxinid(Ef  353 

NaidioUB,  142 

yaja,  410 

Naked-gilled  Gastercpoda,  265 

Narwh^  508 

NdnuZy  540 

Xatal  callosities,  565,  566,  567 

NaUUores,  453 

NautUidte,  295 

NautUus,  275,  279,   293,  295  ; 

shell  of,  279,  294 
Nectocalyx,  68,  69,  70 
Nemaielmia,  118,  127 
NenuUodOf  127 
iftmertes,  127 
Nemertida,  127 
Nereida,  145 
NereU,  146 

Nenrures,  156, 161, 171, 177 
Neural  arches  of  VtrUbraia^  307, 

309 
Neural  canal,  807 
Neural  flexure  of  intestine,  228, 

249,  259,  268 
Neural  plates  of  Ckd<miat  899 
Neural  spine,  807,  809 
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Neund  tnbe  of  Feriebraia,  802 
Nenrapophyses,  807 
Nemopodium,  187 
NewripUrOj  171 
Nenten,  179 
Newts,  884 

Nictitating  membrane,  896,  449 
Nidamental  capsules,  268 ;  glands, 

287 
Ji/betiluea,  58 
Noctnmal  LepidopUra,  176 
Nocturnal  Jtaptores,  466 
yon-BuminarUia^  511 
Notochord,  808,  883,  851 
Noioneda,  170 
Notopodium,  187 
Nudeobranekiata,  268,  265 
Nndeolns,  82,  49 
Nndens,  Z2,  48,  49,  819 
yudibrqnchiata,  266 
Nummuliie$f  41 
Nutrition,  fymction  of,  10, 12 
yycticebidcB,  564 

Ocelli,  71,  152, 186 

Oetopoda,  290 

Oet&podidcR,  290 

Od^pusj  274,  290 

Odontophora,  242 

Odontophore,  258,  270,  286 

(Esophagus,  816 

Oken,  809 

OligoehcUce,  189,  141 

Omnivorti,  511 

OniKida,  208 

OniKua^  195,  208 

OpermUUa,  267 

Operculum  of  OeuUropoda,  257, 

267  ;  of  Fishes,  886,  844 
Ophidia,  397,  408 
Ophiocoma,  111 
(^hiomorpha,  881 
C^mria,  111 
C^iufouiea,  109,  111 
Opitthobranchiat€L,  268,  264 
CipuCAoca^ia,  421 


Opisthocoslons     vertebrsa,     835, 

361,  378,  892,  417 
Opossums,  488,  492 
Orang-outang,  567 
Orbicularis  pannieulif  552 
Order,  24,  26 
Organic  bodies,  2  ;  form  of,  2  , 

chemical   composition    of,   2  ; 

intimate  structure  of^  2  ;  mode 

of  increase  o^  2 ;  cyclical  or 

periodic  change  of,  8 
Organic  series,  2 
Oiganisation,  4 
Organ-pipe  coral,  82,  90 
Omithoddphia,  484 
Omithorhynehtu,  484,  486 
Omilkoaeaida,  422,  428 
Orthoeeraa,  295,  296 
Orthopteru,  171 
OryderopidoB,  498 
OryeUrtintt,  498 
Os  quadratum,   890,  898,    405, 

482,  473 
Oscula,  43 
OdraciontidcB,  867 
Odrea,  247 
OdrceidcR,  258 
Ostrich,  456,  457,  458 
Otaridfz,  586 
Otoria,  537 
(T^uiflB,  456 

OtoUths,  262,  286,  346 
Otolitic  vesicles,  71 
Otter,  544 
Ot^^520 
Oviparous  reproduction,  826,  848, 

396,  449 
Ovipositor,  158 
Ovis,  521 
Ovo-viviparous  reproduction,  827, 

396 
Owen,  185, 217,  809,  400,  480 
Owls,  466 
Oxen,  521 
Oxywria,  127 
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Pachydermata,  510 

Paddlefish,  365 

PaguridcRy  212 

Paired  fins  of  Fishes,  386 

PcUceotherium,  525 

Pali,  81 

Pallial  line,  246 

Pallial  sinus,  246 

PalliobrajichicUaf  237 

Pallium,     (See  Mantle.) 

Palmipedes,  453 

Palpi    {Itisecta),    153 ;    {Arach- 

nida),  183 ;  {Molluaoa),  249 
Pancreas,  317 
Pangolin,  498 
Panspermists,  46 
Panthers,  542 
Pantopoda,  187 
Paper  Nautilus,  276,  279,  290 
Papio,  667 
ParagBstric  canals,  94 
Param43scium,  47,  61 
Parapodia,  187 
Parapophyses,  309 
Parieto-splanchnic  ganglion,  217, 

251 
Parrots,  462 
Partridges,  460 
Passeres,  462 

Patagium,  423,  553,  555,  556 
PatellidcR,  264 
Paunch,  515 

Pearly  Nautilus,  275,  279,  293 
Peccary,  512 
Pecteu,  258 

Pectoral  fins  of  Fishes,  336 
Pectoral  limb,  315 
Pedal  ganglion,  217,  251 
Pedicellariffi,  102,  103 
Pediculu8y  168 
PedipaJpi,  189 
Peduncle,  196 
Pelias,  408 
Pelicans,  455 
PeiieanidWj  455 
Pelvic  limb,  315 


Pelvis,  312,  315 

Pen  of  Cephalopoda,  275,  280 

Penguins,  453,  455 

PenruUuia,  89 

PenruUididtK,  89 

Pentacrinus,  114 

PenUutomOy  187 

PeTUastomtdOy  187 

Paramelid(ef  492 

Peranema,  51,  53 

Perchers,  462 

Perches,  867 

PerddoR,  367 

PerdiXy  460 

PtrenrmJlmmchiaJta,  877,  382 

Pericardium,  479 

Perisome,  98 

Periasodaetyla,  510,  521 

Peristome,  256 

Perivisceral  fluid,  223 ;  space,  138 

Periwinkle,  264 

Petromyzon,  853,  856 

PetromyzonidoB,  353 

Phalangers,  492 

Phalanges,  815 

PhaXangidcR,  191 

Plujdangistidot,  492 

Phaiyngobranchii,  349 

Pharyngognathi,  367 

Pharynx  of  Ascidians,  227 

PhascdomydiK,  492 

Phasianidie,  460 

Phasiamis,  460 

Pheasant,  460 

PhUopteri,  168 

Pfu)ca,  538,  539 

Phocamaf  508 

Phocidas,  538 

PholadidiE,  253 

Photos,  251,  253 

Phosphorescence  of  the  sea,  53, 

71 
Phragmocone,  281 
Phylaclolatmala,  224 
Phyllophuga,  178 
Phyllostoma,  558 
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PhyllostomidtR,  558 

Phyacdia,  69,  70 

Physeter,  507 

Phyatttrida,  507 

Physical  basis  of  life,  8 

Physiology,  10,  11,  12 

Physiological  diyision  of  labour, 
16 

Physophoridctj  69 

Phyt^ahaga  (Gasteropoda),  256 ; 
{Marmpialia),  492  ;  {Eiienr 
taia),  495 

PicidiiB,i62 

Pigeons,  460 

Pigment  spots,  71 

Pikes,  866 

Pinna,  248,  252 

Piwnigrada,  584,  585 

PinnipediOf  584,  535 

Pipa,  886 

Pipe-fishes,  867 

Pipidas,  886 

Pisces,  829  ;  scales  of,  381 ;  endo- 
skeleton  of,  883;  fins  of,  836  ; 
digestive  system  of,  889  ;  classi- 
fication of,  849  ;  reproduction 
of,  848 ;  nervous  system  of, 
846  ;  respiration  of,  844  ;  cir- 
culation in,  842  ;  swimming- 
bladder  of,  844 

PUhecus,  667 ' 

Placenta,  360,  480 

Placentalia,  482,  494 

Placoganoidei,  864 

Placoid  scales,  882 

Ploffiostomi,  360 

Planarida,  127 

Plantreating  Edentaia,  495 

Plant^ating  Oasterqpoda^  256 

Plant  Lice,  169 

PlanHgrada,  535,  589 

PlamUa,  72 

Plastron,  898,  400 

PUUanista,  509 

PlatinistidcB,  509 

Plaiyelmia,  118 


PkUyrhifia,  565 

Plecotus,  557 

PleetofffuUhi,  867 

Plesiosauria,  422 

Plesiosaurus,  422 

Pleurapophyses,  308 

Pleuron,  205 

Pleurobraehia,  98,  95 

Pleuroneetidce,  366 

Ploughshare-bone,  432,  467 

Plumatella,  224 

Plumule,  428 

PltUeus,  108 

Pneumatic  bones,  423,  480,  481 

Pneumatic  duct,  868,  864 

Pneumatophore,  69 

Podicipina,  454 

Podoeyrtis,  40 

PodofSuhalmia,  204 

Podura,  168 

PoBcUopoda,  195,  201 

Poisers,  157,  174 

Poison-gland  of  Arachnida,  183  ; 
of  Ophidia,  406 

Polecat,  544 

Polian  vesicles,  105, 106 

Polygastrica,  50 

Polype,  58,  61,  65 

Polypide,  220 

Polypite,  66,  68,  70 

PolypUrus,  861,  364 

Polyihaiamia,  89 

Polyzoa,  218,  219  ;  digestive  83r8- 
tem  of,  222 ;  reproduction  of, 
228 ;  classification  of,  224 

Polyzoarium,  219 

Pond-snails,  267 

Porcupine,  547,  548 

Pores  of  sponge,  48 

Porpoise,  508 

Port-Jackson  Shark,  360 

Portal  system  of  veins,  843 

Portuguese  Man-of-war,  69 

Pottos,  564 

Poulpes  (Cephalopoda),  200 

Pnemolar  teeth,  476 
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Pramu,  212 

Primaies,  562 

Primitive  groove,  308 

PrisHs,  861 

Proboacidea,  526 

Proboscia  (of  Inseeta),  154;  (of 
Elephant),  526,  527 

ProctElia,  420 

ProcoelouB  vertebroB,  878,  892, 
416,  417 

Procyon,  540 

Produdus^  240 

ProdueiiidtB,  240 

ProglottiB,  120, 122 

Prolegs,  177 

Pro-ostncum,  281 

Propodite,  206 

Pro8colex,  123, 124 

Prosimice,  568 

Prasobranchiata,  268,  264 

iVo^euto,882 

PniUus,  872,  882 

Prothoraz,  150,  155 

Protoplasm,  8,  14,  17,  80 

Protopodite,  206 

ProtcpUri,  Ze7 

Protozoa,  17,  18;  general  char- 
acten  of,  29,  80  ;  daaaification 
of,  81,  54 

ProventticnlnB,  442,  448 

Proximal,  58 

Paalterium,  515 

Paeudo-hiemal  system,  188 

P&eudonaviceUe,  84 

Psendopodia,  81,  34,  85 

Pn^toctdos,  462 

Prittaeus,  462 

Ptarmigan,  460 

PUrichthys,  865 

PUrocUutyls,  418,  428 

Pteromys,  550 

PUrygotua,  202 

PteT<inda,  556 

PUr^podOf  219,  268 ;  classifica- 
tion of,  272 

PUropuBf  557 


PteroMuria,  422,  428 
PufSns,  455 
PulicidtE,in 
PulmogasUropoda,    (See  Pulfmh 

nifera.) 
PtUmonaria,  186,  189 
Pulmonaty  sacs,  182 
Pulnumifera^  268,  267 
Pupa,  162,  164 
Pnpa  case,  177 
Purpura,  257 
Pycnogonum,  187 
Pyonogonidti,  187 
Pygoirtyle,  432,  467 
I^loric  appendages  of  Fiahea*  340 
Pyroaoma,  230,  238 
Pyroaomida,  230,  233 
Pythons,  409 

QuADBATB  bone,  390,  898,  405, 

482,  478 
Quadrwnana,  560 
Quagga,  526 
QnaUs,  460 
Qolll  feathers,  428 

Babbit,  547 

Racoon,  540 

Radial  canals,  94 

Radial  symmetry,  22 

Padiaia,  55,  97 

Badiolaria,  40 

Radins,815 

BaiidAB,  861 

Rails,  456 

Pallida!,  456 

Eana,  886 

PanicUe,  886 

Paptores,  458,  466 

Paaores,  453,  458 

Rats,  549 

PatUa,  452,  456,  457 

Rattlesnakes,  408,  409 

Rays,  861 

Rasor^hells,  248,  251,  258 

Rectrices,  429 
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Red-conl,  82,  91 

Bed  Deer,  519 

Begnum  ProHstiewnj  7 

Rein  Deer,  519 

Rennet,  516 

Reproduction,  function  of,  10, 12 

BtpHliOf    391  ;    chanctere    of, 

891 ;     drcnlation     of,    894 ; 

classification  of,  397 
Resting  larva,  128 
Reticulum,  515 
Reverse  shells,  255 
Bhamphasiidcef  462 
Jihea,  458 
Bhinocerotidm,  522 
Bhinoceros,  522,  523 
Bhin6Uypkid(B,  558 
Ehinohphua,  558 
Bhizopoidaf  81,  84  ;  classification 

of;  87 
BMzostom\d4Z,  72 
Rhyiina,  500 
Ribbon  Worms,  127 
Ribs,  808,  312 
Right  Whale,  506 
ModefUia,  544 
Roebuck,  519 
Rorqual,  507 
Rostrum,  188,  205 
Rot  in  Sheep,  126 
BtfHfera,  98,  117,  118,  129 
Round  Worms,  127 
Rugoaa,  92 
Rumen,  515 
HuminantiOf  518 
Rumination,  514,  516 
Rupieapra,  520 

Sable  Mabtbn,  544 
Sacral  vertebras,  812 
Sacrum,  312 
Salamanders,  884,  885 
SakmaruMddt  884,  885 
Salivary  glands,  816 
Salmon,  866 
Salfrumidat,  866 


Scdpa,  280,  281 

SaipadcB^  280, 281 ;  development 

of,  282 
Saltatorial  Orthoptera^  171 
Sand-canal,  105 
Sandhoppers,  195,  204 
Sand-lances,  866 
Sand  Lizards,  412 
Sand-stars,  111 
Sanguiniffa,  141 
Saroode,8,  80 
SareopUa,  188 
SauTopsida,  828,  889,  426 
ScmrurtE,  453,  466 
Saw  Fish,  861 
Saw  Flies,  178, 179 
Scales  of  Fishes,  881 
Scaly  Lizard,  412 
Scale-winged  Inaeeta,  175 
Seanaores,  458,  461 
Scaphognathite,  208,  210 
Scaphites,  297 
Scapula,  314 
SdncuUx,  412     ' 
ScincuB,  412 
Sciwrida^  550 
Sderobaaieaf  87 
Sclerobasic  coral,  79,  82 
SderodemuUck,  79 
Sclerodermic  coral,  79,  80 
Sclerotic  plates,  422,  449 
ScoUcida,  98, 117  ;  classification 

of,  118 
SeoUx,  128, 124 
Seolopaddoa,  456 
Scohpendm,  148,  149 
ScolopmdridoB,  148,  149 
Scomherid€R,Z67 
Scorpions,  189 
ScorpUmidcB,  189 
Scutes,  891,  416 
Sqfphistoma,  78 
Sea-aooms,  195,  198 
Sea-anemones,  75,  78 
Sea-blubbers,  70 
Sea-Bears,  587 
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Sea-Cows,  500 

Sea-cucumbers,  115 

Sea-grapes,  287 

Sea-Hares,  264 

Sea-Horses,  867 

Sea-lemons,  265 

Sea-Lions,  537 

Sea-Mats,  219,  224 

Sea-Mice,  145 

Sea-pens,  89 

Sea-rods,  90 

Sea-Slugs,  265 

Sea-Squirta,  225,  226,  230 

Sea-Unicorn,  508 

Seals,  536,  538 

Sdachii,  361 

Semi^laTUignuUi,  542 

SemnapUJiecuSf  566 

Sepia,  275,  293 

Sepiadoe,  293 

Sepiostaire,  275,  280 

Septa,  81,  279,  281,  290,  294, 
295,  297 

Serial  homology,  21,  133,  205 

SerpuXtty  142,  143 

Sertularidcc,  62,  67,  68,  69 

Sessile-eyed  Onistacea,  203 

Setie,137 

Sharks,  356,  361 

Sheep,  520 

Shell,  216,  241  ;  of  BmchMpoda, 
234  ;  of  OaMeropoda,  254  ;  of 
CephcUopodOy  279  ;  of  Lavidli- 
branchiata,  242  ;  of  Pteropoda, 
269 ;  of  Echinozoa,  99 ;  of 
Oruatacea,  195 

Short-tongued  Lizards,  411 

Shoulder-blade,  314  ;  girdle,  314 

Shrew-mice,  552 

Shrikes,  464 

Shrimps,  212 

Siamang,  567 

Silk  Moth,  177 

SimicR,  563 

SimiadcB,  562 

Sinistral  shells,  255 


Sinu-paZlialia,  247,  253 

Sinuses,  210 

Siphonidc^  253 

SiphonostomoUii,  256,  264 

Siphons,  246,  261 

Sipuncle,  290,  294,  295,  297 

SipunetUtu,  136 

Sipunculoidea,  136 

Siredcm^  383 

Siren,  372,  382,. 384 

Sirenia,  499 

SirenidcR,  382 

Sirex,  179 

Skates,  861 

Skeleton  of  Vertebrata,  305 

Skinks,  412 

Skunks,  544 

Sloth-animalcules,  188 

Sloths,  495,  496 

Slow-worms,  412 

Slugs,  267 

Smooth  Newt,  385 

Smooth  Whales,  507 

Snails,  267 

Snakes,  403 

Snipes,  456 

Social  Aaddians,  230 

Soft-Tortoises,  402 

SolasteridcB,  109 

Salen,  251,  253 

Solmidct,  248,  251,  253 

SolidungiUa,  522,  525 

Soldier-crabs,  213 

Soldier-termites,  174 

SoliUUre,  461 

Somatic  cavity,  55,  76,  133,  302 

Somite,  133,  150 

Sorex,  552 

SoricidoB,  552 

Southern  Whale,  506 

SpatangidcR,  108 

Spaiularia,  365 

Specialisation  of  function,  13,  14 

Species,  24 

Spermaceti  Whales,  507 

Spenn-Whales,  507 
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SphargiSy  403 

Sphcniseidee,  453,  455 

Spicula,  42 

S|Hder-Crabs,  214 

Spider-Monkeys,  565 

Spiders,  191,  192 

Spinal  cord,  325 

Spinal  elements  of  skeleton,  307 

Spinnerets,  164,  176,  191 

Spiracles,  147,  160, 358,  363,  504 

Spirifer,  240 

Spiri/eridcB,  240 

Spirula,  282,  293 

Spirulidw,  293 

Spongida,  31,  41  ;  reproduction 

of,  45 
Spontaneous  generation,  46 
Spoon-worms,  136 
Spores,  5,  45 
Spring-tails,  168 
SquarruUa       (Beptilia),       391 ; 

(EdrntcUa),  498 
Squids,  275 
Squilla,  195,  204 
Squirrels,  550 
Stag,  519 

Stalk-eyed  Crustacea,  204 
Ster  Corals,  83 
Star  Fishes,  98,  111 
Starlings,  464 
Statoblasts,  223 
Steneosaurua,  421 
SterUor,  51,  52. 
Sternum  of  Oztftoceo,  205 ;  of 

Chelimia,  400  ;  of  Aves^  483  ; 

of  MaMTnalia,  471 
Stephanoceroa,  130 
Stigmata,  141,  147,  160,  185 
Sting  (of  ffymenoptera),  178 
Stoat,  544 
Stolons,  230,  281 
SUrmapoda,  195,  204 
Stomatoua  Protozoa,  31 
Storks,  456 
Strepsiptera,  157,  180 
Strepsirhina,  563 


Strigidce,  466 

Strobila,  73,  128,  124 

Struthio,  458 

Struthionido!,  457 

Stuigeon,  332,  361,  365 

Sturionide,  365 

Stumidx,  464 

Stylops,  180 

Svib-hrachiata,  366 

Sub-kingdoms,  24 

Suctoria,  51,  139 

Sun-animalcule,  38 

Sun-stars,  109,  111 

SuidoB,  511 

Supra-oesophageal  ganglion,  211, 

217 
Surinam  Toads,  386 
Sus,  512 

Suspecta  (Ophidia),  407,  409 
Sutures,  297,  393,  473 
Swallows,  465 
Sweet-bread,  317 
Swifts,  465 

Swimming-bladder  of  Fishes,  344 
Swimmerets,  206 
Swine,  511 
Sylviadac,  464 

Symmetry  of  animal  forms,  22 
Sympathetic  nervous  system,  302, 

325 
Syngnathidce,  367 
Syrinx,  136 

Table  of  Classification,  28 

TabulcB,  81 

Tachypeies,  455 

Tcenia,  118,  125 

TcBmada,  118  ;  development  of, 

122 
TalUrua,  195,  204 
Talpa,  552 
Talpida,  551 
TanteUince,  456 
Tape- worm,  118 
Tapirs,  524 
Tapiridct,  521,  524 
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Tatiigrada^  188 

Tanns,  156,  816 

Tasmanian  Devila,  402 

Taxonomy,  10,  11 

TeciikTaiihiaia^  264 

Teeth,  474 

Ttgmcayiy  192 

Tegiteann,  418 

Teius,  418 

TeleomuruSf  421 

TeleosUi,  349,  865 

TdBon,  202,  207 

Tentacles  of    OosUnterata,    58  ; 

Polyzoa^  221  ;  jTiMiteoto,  226 ; 

Ophaiopoda^  276 
jTenuintM^rvj^  464 
Terebella,  143 
jTereira,  178 
TerebtxUula,  288 
7«re&rahiZute,  288 
r«fedo,  201,  258 
Teigom,  205 

TerriiCokL    (See  Oligo^tOa.) 
Tennites,  178 
TermitidcB,  172 
Test,  (of  EehinuB),  99  ;  (of  Timv- 

etUOj  226,  280 
Tedudinidce,  402 
Teseudo,  402 

TetnUnwuhiata,  289,  298 
Tetroo,  460 
Tetraonida,  460 
Teu^uioB,  292 
jTAaloAMretofl^  540 
Theca^  81 
Theaiomaia,  272 
Thorax,  150 

Thotnheaded  worm,  127,  128 
Thread-cells.     (See  Onida,) 
Thread-worms,  127 
Thmshes,  464 
ThyaanurOf  168 
Tibia,  156,  315 
Ticks,  188 
Tiger,  542 
Tinea,  177 


Tipula,  175 

Tbads,  886 

Tongue  of  Gfaaleropodctf  258 

Toothshells,  264 

Top-shells,  264 

Torpedo,  347 

Tortoises,  402 

TorMcina^  177 

TorMx,  408 

Toncans,  462 

TrachefB,  147,  160,  161 

Trachearia,  187 

Transrerse  processes  of  vertebne, 
809 

Trap-door  Spiders,  192 

Tree  Frogs,  886 

Tree  Pigeons,  460 

TrematodOf  125 

Tremhiey's  experiments,  60 

Trepangi,  115 

TrmnUdeBf  460 

TrieheeideB,  5Z7 

Triehecus,  587 

Trichina,  128 

Tridamida,  253 

TriMrila,  200 

TrionyckoidM,  402 

TrUoM,  884,  885 

TrUonidcB,  884,  885 

TrockUidcB,  464 

Troglodytes,  567 

Trophosome,  66 

Trank-fishes,  867 

Tubioola,  189,  142 

Tubipora  musim,  82,  90 

T%Mporidai,  9(i 

Tubularia,  67 

Tnnic,  225,  226 

TunieaUi,  218,  225;  reprodnc- 
tion  of,  280 ;  general  characters 
of,  226  ;  ;  nervous  aystem  of, 
230 ;  classification  of;  280  ; 
summary  of  structnre  dT,  288 

TurbeUaria,  126 

TurbinidcB,  264 

Tnrkeys,  460 
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TurrUiteSf  297 

TurtleB,  402 

Types,  morphological,  14, 17 

Ulna,  315 
Umbo,  243 
Umbrellanlisc,  71 
Umiu,  496 

Uncinate  prooesB,  483 
UngtUatOy  510 
UhumidcB,  253 
Univalve  shell,  241,  254 
VpupidoB,  464 
Uraster,  111 
Urea,  324 
Ureters,  325 
Urodela,  381,  382 
Uropyginm,  429 
UrsidtB,  539 
Ursusy  540 

Vaouoles,  36,  49 

VdgimeoJOf  51,  52 

Valves  of  heart,  322,  323 

Valves  of  shell,  234,  243,  244 

VaranidoB,  413 

Varieties  (of  species),  25 

Vegetative  life,  fanctionsof,  326 

Vegetative  repetition  of  parts, 
133 

Veins,  322,  328 

FeleUa,  69,  70 

Velum,  71,  271 

Venefioaa,  410 

Ventral  fins,  336 

Ventral  oar,  137 

Venus'  girdle,  93,  95 

Vertebra,  307 

Vertebra,  ideal  typical,  809 

VerUbrata,  20,  800;  characters 
o^  800  ;  limbs  of,  304,  314 ; 
jaws  of,  305  ;  endoskeleton  of, 
805 ;  exoskeleton  of,  306 ;  di- 
gestive system  of,  315 ;  salivary 
glands  of,  316 ;  absorbent  sys- 


tem of,  317 ;  respiratory  sys- 
tem of,  324;  nervous  system 
of,  325  ;  reiirodnction  o^  826 ; 
blood  •  corpuscles  of,  818; 
haemal  system  of,  820  ;  classi- 
fication of,  327,  571 

FespidcB,  178 

Veapertilio,  557 

VesperHlionidce,  557 

Vibracula,  222 

Viperida^  408 

Viperina,  406,  408 

Vipers,  408 

VirguUma,  90 

Visceral  clefts,  304 

Visceral  tube  of  Vertebrata,  802] 

Fiverm,  543 

ViverridcBf  542 

Viviparous  reproduction,  827 

Von  Baer's  kw,  82,  83,  303 

V(rrticeaa,  50,  51 

Vulpes,  541 

Vultures,  466 

Vidtwridct,  466 

Waldhkimia,  238 
Walrus,  537 
Warblers,  464 
Wasps,  178 
Water-beetle,  181 
Water-boatman,  170 
Water-bugs,  170 
Water-fleas,  198 
Water-newts,  884 
Water-snakes,  410 
Water^pider,  198 
Water-vascular  system.   {SuAm' 

bulacral  system.) 
Weasels,  548,  544 
Whalebone,  502,  508 
Whales,  501,  502,  506 
Whales'  food,  271,  508 
Wheel  animalcules,  98,  129 
Whelks,  264 
White  ants,  172, 178 
Whorls  of  shell,  255 
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Wild  Boar,  612 
Wings  of  Insecta,  156 
Wolverine,  541 
Wolves,  641 
WomlMt,  492 
Wood4on8a,  203 
Woodpeckers,  440,  462 
WrMfle,867 
Wrist,  315 

XiFBOSimA,  201 
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Zebra,  626 

Zeuglodoih,  509 

ZbanthariOt  78 ;  Malacodennata, 

78  ;  sderodernuUa,  79 ;  sdero- 

l>a8ica,87 
ZoanihidoB^  78,  79 
Zoea,  212 

Zonal  symmetry,  22 
Zodid,  65,  282 
Zoology,  definition  of^  2 
Zootoca,  412 
Zygapophysea,  309 


THX  END. 
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